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liXIICUTIVl;  SUMMARY 


Single  pass  degradation  of  Antimisting  Kerosene  (AMK)  has  been  accom¬ 
plished  with  a  system  consisting  of  a  fuel  pump  from  a  IT30  engine  and 
three  different  types  of  flow  restrictors  (packed  tubes,  static  mixing 
tubes,  and  needle  valve).  The  relatively  simple  needle  valve  has  the 
advantage  of  being  able  to  accommodate  a  wide  range  of  fuel  flow  rates  at 
a  fixed  power  level  and  is  less  susceptible  to  plugging  by  fuel  contami¬ 
nants  . 

The  quality  of  AMK  degraded  by  the  needle  valve  method  was  assessed 
in  terms  of  full-scale  fuel  system  component  performance  (.JT8D  and  CI;6 
engine  fuel  filters  and  a  T63  combustor)  and  small-scale  filtration  and 
ignition  tests.  Results  of  these  experiments  showed  that  the  degradation 
system  returned  AMK  to  Jet  A  performance  standards.  Flow  rates  over  the 
range  of  idle  to  cruise  appeared  to  have  little  or  no  effect  on  the  specific 
power  required  to  obtain  a  fuel  that  would  filter  and  ignite  like  Jet  A; 
however,  fuel  temperature  was  found  to  be  very  important.  For  example,  at 
ambient  temperature  (24°C)  satisfactory  filtration  was  achieved  at  a  speci¬ 
fic  power  as  low  as  14  kWs/i.;  but  at  -12°C  twice  the  power  (28-30  kWs/£) 
was  necessary.  The  specific  power  requirement  (in  terms  of  mist  flamma¬ 
bility)  for  fuels  degraded  at  temperatures  from  24°  to  50°C  was  not  signi¬ 
ficantly  lower  than  14  KWs/.. 

AMK ,  blended  from  a  slurry  of  IM-9  powder  in  carrier  fluid  and  do 
graded  within  one  Four,  had  a  high  filtration  ratio  (generally  associated 
with  poorly  derruded  \Ml  j  even  at  a  specific  power  of  2 3-2b  kWs.A  .  How¬ 
ever,  viscosit;>  ii..i  •  :  t  flammability  measurements  indicated  that  a  rela¬ 
tively  high  hat  I  •  de  r  i  adat  ion  had  been  achieved.  Furthermore,  (lei 
Permeation  T  h  ror.a  t  or  i -aphv  iUij  results  showed  that  AMK  blended  from  a 
slurry  and  degradeu  within  one  hour  had  a  much  lower  molecular  size  than 
AMK  blended  and  degraded  m  the  conventional  manner.  This  apparent  con¬ 
flict  is  thought  to  be  due  to  a  very  small  amount  of  poorly  solubilized 
(i.e.,  poorly  swollen)  IM-9  powder  that  has  little  or  no  effect  on  viscosity, 
CPC,  or  mist  flammability  but  which  can  readily  plug  a  filter.  Since  small- 
scale  flammability  tests  indicate  the  carrier  fluid  increases  the  anti¬ 
misting  effectiveness  of  FM-9,  infrared  and  chemiluminescence  methods  have 
been  developed  to  measure  the  glycol  and  amine  content  of  AMK. 

A  laboratory  test  (Pump  Filtration  lest)  has  been  developed  that  mea¬ 
sures  the  filter  plugging  characteristics  of  intentionally  degraded  AMK . 

In  this  procedure,  the  pressure  drop  across  a  small  section  of  a  paper 
filter  or  a  metal  screen  is  measured  as  a  function  of  tjme  (up  to  two 
minutes)  for  different  superficial  velocities  (flow  rate/filter  area). 

Below  a  critical  velocity,  the  pressure  drop  across  the  filter  is  inde¬ 
pendent  of  time;  however,  at  higher  velocities  the  pressure  increases  with 
time.  Filter  properties  (paper  versus  metal  and  pore  size)  and  fuel  tem¬ 
perature  have  been  shown  to  influence  the  critical  filtration  velocity  of 
intentionally  degraded  AMK.  With  some  samples,  the  critical  filtration 
velocity  was  found  to  decrease  with  time  following  degradation.  This 


phenomenon  was  not  evident  in  other  physical  property  measurements  such 
as  the  filtration  ratio,  viscosity  ratio,  and  mist  flammability.  The 
reason  for  this  anomalous  behavior  is  not  known,  but  it  is  suspected  to 
be  related  to  the  slow  agglomeration  of  degradation  products. 

Rheological  experiments  with  capillary  tubes  have  documented  that  the 
viscosity  of  AMK  increases  when  a  critical  shear  rate  (^2500  s  at  25°(.) 
is  exceeded.  However,  the  magnitude  of  the  viscosity  is  not  large  enough 
to  explain  the  effectiveness  of  AMK.  On  the  other  hand,  very  large  visco¬ 
elastic  effects  were  evident  in  the  swelling  and  recoil  of  jets  of  AMK  at 
high  shear  rates.  This  shear  induced  viscoelasticity  is  a  major  difference 
between  the  FM-9  polymer  and  conventional  viscoelastic  polymers  such  as 
polyisobutylene.  For  example,  when  the  L/D  of  the  capillary  tube  was  below 
a  certain  value,  little  or  no  shearing  occurred  and  viscoelastic  effects 
were  not  developed  with  AMK.  This  observation  explains  why  previous 
attempts  to  measure  elongational  viscosity  were  unable  to  distinguish 
between  AMK  and  ordinary  jet  fuel.  In  addition  to  providing  insight  as  to 
the  rheological  mechanism  of  AMK,  these  observations  suggest  that  normal 
stresses,  which  were  not  evident  in  earlier  experiments  with  orifices, 
could  be  readily  determined  from  jet  thrust  measurements  with  capillary 
tubes.  While  it  is  more  difficult  to  obtain  and  properly  interpret  jet 
thrust  experiments  than  flow  experiments,  a  quality  control  test,  based 
on  normal  stress  measurements,  would  have  a  much  stronger  theoretical 
basis  than  one  that  measures  shear  viscosity. 


INTRODUCTION 


When  ;i  high  molecular  weight  polymer  (IM-'.M1  is  blended  into  aviation 
kerosene,  the  fuel  resists  the  formation  of  small  droplets  under  impact 
dispersion  conditions  anti  thus  has  been  identified  as  antimisting  kerosene 
(AMK)  fuel.  Simulated  crash  test s ( 1 , 2)*  **  have  demonstrated  this  improved 
fire  safety,  however,  this  attribute  creates  significant  fuel  filtration 
problems  and  the  fuel  atomization  characteristics  preclude  direct  use  in 
aircraft  turbine  engines.  Therefore,  AMK  fuel  is  unacceptable  until 
methods  are  developed  by  which  the  antimisting  characteristics  can  be 
eliminated  just  prior  to  the  fuel  entering  the  main  engine  fuel  control 
system.  Such  restoration  or  degradation  of  the  fuel  is  the  goal  of  this 
project . 

While  both  shear  and  elongational  effects  can  contribute  to  polymer 
degradation,  it  is  expected  that  elongational  flows  will  be  more  destruc¬ 
tive  than  shear  flows. (31  Some  insight  into  this  expectation  can  be  pro¬ 
vided  by  considering  the  differences  between  these  two  types  of  flows. 

The  familiar  shear  flow  that  is  commonly  produced  in  a  long  capillary  tube 
is  characterized  by  a  velocity  gradient  that  is  normal  to  the  direction  of 
flow.  As  a  dilute  polymer  solution  flows  through  the  capillary,  polymer 
molecules  tend  to  be  stretched  along  the  principal  axis  of  stress.  How¬ 
ever,  shear  flows  are  rotational.  Because  of  this  rotational  motion, 
polymer  molecules  cannot  stay  oriented  in  the  stress  field;  consequently, 
very  little  polymer  deformation  occurs  with  a  low  viscosity  solvent  even 
at  high  rates  of  shear.  (3j)  flongational  flows  occur  in  many  practical 
situations,  such  as  in  the  entrance  region  to  a  capillary  tube,  in  flow 
through  an  orifice,  and  in  porous  media.  In  all  of  these  examples,  the 
velocity  gradient  is  in  the  direction  of  flow.  Since  this  type  of  flow 
is  irrotational ,  a  polymer  molecule  would  be  expected  to  stay  oriented  in 
the  stress  field  longer;  therefore,  larger  polymer  deformations  should 
occur. 

Because  of  the  presence  of  solid  boundaries,  most  flows  are  a  combina¬ 
tion  of  both  shear  and  elongation;  however,  by  an  appropriate  choice  of 
geometry,  one  type  of  flow  can  be  made  to  dominate,  for  example,  laminar 
flow  in  a  long  capillary  tube  is  primarily  a  shear  flow  except  for  the 
entrance  region.  On  the  other  hand,  in  a  very  short  tube  (I,/IKlj  or  for  a 
tube  filled  witli  beads,  the  flow  is  predominantly  elongat iona 1 . (4) 

Since  elongational  flow  is  expected  to  be  more  effective  in  producing 
polymer  degradation  than  shear  flow,  the  primary  objective  of  this  work  is 
to  determine  the  effect  of  the  sudden  acceleration  produced  by  flow  into 
valves,  the  pores  of  metal  screens,  or  tubes  paced  with  beads  on  the  mist 
ignition  and  filtration  properties  of  AMK.  However,  relatively  few  standard 


*This  is  a  proprietary  polymer  that  was  provided  by  Ifl  Americas,  Inc. 

**llnderscored  numbers  in  parentheses  refer  to  the  References  at  the  end 
of  this  report. 
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tests  have  been  found  to  be  useful  in  measuring  the  performance  charac¬ 
teristics  of  AMK;  therefore,  a  second  but  equally  important  part  of  this 
work  is  the  development  of  test  methods  that  relate  to  mist  flammability 
and  rheological  properties  of  AMK. 


II.  DEGRADIiR  TESTS 


A.  DESCRIPTION  OF  APPARATUS  AND  EXPERIMENTAI,  PROCEDURE 

The  essential  components  of  the  degrader  are  shown  in  Figure  1 .  A 
hydraulic  pump  from  a  TF30  engine  is  driven  by  a  50-1IP  electric  motor  with 
a  magnetic  coupling  device.  A  flow  restrictor  (needle  valve  or  packed  tube) 
is  located  immediately  downstream  of  the  pump  so  that  the  high  pressure 
produced  by  the  pump  is  dissipated  within  a  very  short  distance.  At  the 
beginning  of  each  test,  a  closed  loop  of  Jet  A  is  used  to  set  the  flow  rate 
and  pressure  drop  across  the  flow  restrictor.  The  latter  is  measured  with 
a  guage  and  a  transducer  attached  to  a  strip-chart  recorder.  After  the 
pump  speed  and  pressure  have  stabilized,  a  pair  of  three-way  valves  switch 
the  flow  from  Jet  A  to  a  drum  of  AMK  that  is  under  a  head  of  nitrogen  (55 
kPa)*.  The  flow  rate  of  AMK  is  obtained  by  weighing  the  sample  and  recording 
the  time.  Flow  rates  were  varied  at  a  fixed  pump  speed  by  changing  pump 
displacement.  Because  of  the  speed  limitations  of  the  electric  motor,  maxi¬ 
mum  flow  rates  were  in  the  range  of  1500  Kg/hr.  This  is  equivalent  to 
cruise  conditions  for  the  JT8D  engine.  However,  only  minor  modifications 
would  be  required  to  increase  the  capacity  of  the  degrader  to  full  take-off 
flow  rates  (4600  Kg/hr) .  Experiments  at  temperatures  other  than  ambient  were 
conducted  by  cooling  or  heating  a  drum  of  fuel.  Temperatures  in  the  drum 
of  fuel,  the  feedline  to  the  pump,  and  to  the  fuel  filters  were  measured 
with  thermocouples. 

The  filtration  characteristics  of  degraded  AMK  were  evaluated  with 
full-scale  fuel  filter  components  placed  immediately  downstream  of  the  needle 
valve  as  shown  in  Figure  2.  The  fuel  filters  shown  in  Figure  2  include  the 
main  fuel  filter  and  the  fuel  control  wash-filter  for  the  JT8D  engine.  A 
low  pressure  (0  to  5  psi)  transducer  was  placed  upstream  of  these  filters  to 
monitor  the  pressure  drop  as  a  function  of  test  time.  Valves,  located  on 
the  fuel  control  filter  housing,  were  used  to  vary  the  amount  of  through- 
flow  (i.e.,  flow  to  the  engine)  and  wash-flow  (i.e.,  flow  to  the  fuel  con¬ 
troller).  The  main  fuel  filter  used  in  the  CF6  engine  (not  shown  in  Fig.  2) 
was  also  evaluated. 

B.  EXPERIMENTAI.  RESUETS 

1.  Full-Scale  Filtration  Tests 


Typical  pressure-time  traces  for  successful  degradation  and  filtra¬ 
tion  of  AMK  are  shown  in  Figure  3.  The  transducer  that  measures  the  high 


*1.0  psi  =  6.895  kPa . 
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pressure  upstream  of  the  needle  valve  increased  from  3000  psi  (20.7  kWs/2.) 
to  3300  psi  (22.7  kWs/ii)  when  the  three-way  valves  were  switched  from  Jet  A 
to  AMK.  However,  this  higher  pressure  was  maintained  during  the  duration  of 
the  test  (1.3  minutes')  without  any  adjustment  of  the  needle  valve.  The 
transducer  that  measured  the  low  pressure  upstream  of  the  main  fuel  filter 
also  remained  constant  for  the  duration  of  the  test.  Because  the  filter 
holder  was  originally  empty,  but  was  full  of  fuel  at  the  end  of  the  test, 
the  transducer  did  not  return  to  the  original  baseline. 

The  results  in  Table  1  summarize  experiments  with  the  JT81)  and  CFO 
engine  fuel  filters  and  AMK  degraded  at  ambient  temperatures.  These  results 
indicate  that  degraded  AMK  (21  kWs/t)  can  flow  through  these  aircraft  filters 
at  flow  rates  equivalent  to  cruise  conditions  (1500  Kg/hr)  for  the  JT8D 
engine  and  at  pressures  close  to  those  produced  by  Jet  A.  A  reduction  in 
degrader  power  from  21  to  14  kWs/f  gave  essentially  identical  performance; 
however,  at  7  kWs/i  almost  instantaneous  filter  plugging  occurred  (i.e., 

\P  -►■>). 

The  results  in  Table  2  summarize  tests  in  which  both  the  JT8D  main 
fuel  filter  and  fuel  control  filter  were  used.  The  latter  is  a  "last- 
chance"  filter  that  is  intended  to  prevent  large  metal  particles  from 
entering  i!,^  fuel  controller.  ITie  small  area  of  the  wash-screen  (10  cm2 
compared  to  3000  cm2  for  the  main  filter)  would  be  prone  to  plugging. 
Therefore,  all  tests  on  the  fuel  control  filter  also  included  the  main 
fuel  filter  as  it  would  be  used  in  the  JT8I)  fuel  system.  The  terms 
"through- flow"  and  "wash- flow"  refer  to  the  fuel  streams  that  go  to  the 
engine  and  fuel  controller,  respectively.  The  relative  amounts  of  these 
two  streams  were  controlled  by  partially  closing  valves  on  the  discharge 
side  of  the  wash-filter  housing  (Tig.  2). 

In  the  first  series  of  tests,  the  wash-flow  valve  was  closed  so  that 
all  of  the  fuel  (1440  kg/hr)  flowed  through  a  relatively  coarse  (50  mesh) 
screen.  The  pressure  drop  across  the  two  filters  reached  its  maximum  value 
within  10  to  12  seconds  and  remained  essentially  constant  for  the  duration 
of  the  test.  The  pressure  level  (56  k Pa j  was  much  higher  than  that  observed 
for  the  main  filter  alone  (1.7  kl’a)  ,  and  this  was  probably  caused  by  the 
higher  flow  resistance  of  the  fuel  control  filter  housing  and  the  smaller 
screen  area.  Nevertheless,  the  pressure  drop  for  AMK  was  only  slightly 
higher  than  for  Jet  A.  Furthermore,  the  pressure  did  not  increase  with 
time  over  the  duration  of  the  test  (1.5  minutes). 

In  tests  in  which  the  wash-flow  valve  was  partially  opened,  it  was 
observed  that  there  was  a  slower  build-up  of  pressure  with  degraded  AMK 
than  with  Jet  A  (see  Figs.  4  and  5).  Similar  results  were  reported  with  fuel 
that  was  degraded  by  three  passes  through  a  JT8I>  fuel  pump,  and  it  was  con¬ 
cluded  that  the  degraded  .AMK  resulted  in  unsatisfactory  performance  due  to 
filter  plugging.  (_5)  Since  the  steady-state  pressure  drop  in  Figure  4  was 
only  slightly  higher  for  AMK  (2.0  psi  or  I  ".9  kl’a)  in  Figure  4  than  for 
Jet  A  (2.1  psi  or  14.5  kl’a)  in  Figure  5.  This  observed  time  dependency- 
does  not  appear  to  be  due  to  filter  plugging.  However,  these  results  suggest 
that  longer  duration  tests  should  be  made. 


TABLE  1.  FLOW  OF  JET  A  AND  DEGRADED  AMK  THROUGH  JT8D  AND  CF6 
MAIN  FUEL  FILTERS  AT  AMBIENT  TEMPERATURE 


Main  fuel  filter,  wire  mesh,  74  micron  absolute,  3000  cm 
Main  fuel  filter,  paper,  40  micron,  3900  cm2. 
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The  results  in  Table  3  summarize  attempts  to  filter  AMK  that  was  de¬ 
graded  at  low  temperatures.  At  a  power  level  of  23  kWs/£  and  a  fuel 
temperature  (pump  inlet)  of  -14°C,  the  JT8D  main  fuel  filter  (40  urn  paper) 
plugged  immediately.  Experiments  with  the  CF6  main  fuel  filter  (74  vim  metal) 
produced  almost  identical  results  on  the  first  attempt.  In  the  second 
experiment,  the  pressure  increased  only  slightly;  however,  it  is  felt  that 
plugging  would  have  occurred  if  the  test  had  continued.  Hue  to  the  i noreased 
resistance  of  amk  to  mechanical  degradation  at  low  temperatures,  satisfactory 
filter  performance  could  be  obtained  only  by  increasing  t.hc  specific  degrader 
power  to  P.d  kWs/l. 

Because  of  the  strong  effect  of  low  temperature  on  specific  power, 
experiments  were  conducted  at  elevated  temperatures  (50°C).  Preliminary 
results  indicated  that  AMK  could  be  filtered  at  a  lower  specific  power 
(7  kWs/£)  than  fuel  degraded  at  room  temperature.  However,  closer  examina¬ 
tion  revealed  that  the  improved  filter  performance  was  due  only  to  the  ele¬ 
vated  fuel  temperature  and  that  the  level  of  degradation  was  essentially  the 
same  as  fuel  degraded  at  ambient  temperatures.  This  fact  will  be  evident 
in  mist  ignition  tests. 

2.  Mist  Ignition  Tests 

Ignition  tests  of  AMK  degraded  at  ambient  temperature  were  con¬ 
ducted  with  a  T63  combustion  rig.  In  Figure  6,  the  ignition  delay,  as 
determined  from  the  time  of  rapid  temperature  rise,  is  plotted  as  a  function 
of  the  fuel  flow  rate  fora  fixed  air  flow  rate.  These  data  are  averages 
of  three  runs  and,  because  of  the  statistical  nature  of  the  ignition  process, 
show  a  fair  degree  of  scatter.  Nevertheless,  these  data  indicate  no  signifi¬ 
cant  difference  in  the  ign  it  ion  del  ay  of  degraded  AMK  (25  kWs/£)  and  Jet  A. 

This  result  is  in  good  agreement  with  the  Spinning  Disc  Test  and  the  Flamma¬ 
bility  Comparison  Test  Apparatus  (see  Section  V)  which  also  showed  no  signi¬ 
ficant  difference  between  these  samples  of  degraded  AMK  and  Jet  A. 

The  results  in  Figure  7  show  the  effect  of  fuel  temperature  (at  the 
inlet  of  the  degrader)  and  specific  power  on  mist  ignition  as  determined  by 
the  Spinning  Disc  Test*.  For  fuels  degraded  at  ambient  temperatures,  there 
is  a  measurable  difference  between  Jet  A  and  AMK  at  a  specific  power  of 
7  kWs/£.  However,  at  14  kWs/£  AMK  is  indistinguishable  from  Jet  A.  The 
increased  resistance  to  degradation  at  low  temperature  is  illustrated  by  the 
fact  that  at  least  29  kWs/£  is  required  to  produce  a  fuel  that  ignites  like 
Jet  A.  The  absence  of  high  temperature  effects  (at  least  up  to  50°C)  on 
specific  power  is  clearly  evident  in  the  similar  antimisting  characteristics 
of  AMK  degraded  at  22°C  and  50°C  and  at  a  specific  power  level  of  7  kWs/£. 

The  RAF  has  reported  that  AMK  blended  from  a  slurry  of  IM-9  powder 
in  carrier  fluid  is  more  difficult  to  degrade  (at  least  for  several  hours) 
than  AMK  blended  in  the  conventional  manner. (6)  This  conclusion  is  based  on 
the  observation  that  the  filtration  ratic  (FR)**  remained  relatively  high 
(10-20)  even  alter  exposure  to  a  high  specific  degrader  power  (70  kWs/£). 

*This  test  method  is  described  in  Appendix  A. 

**This  test  method  has  been  described  in  Reference  10. 


TABLE  3.  FLOW  OF  JET  A  AND  AMK  DEGRADED  THROUGH  MAIN  FUEL  FILTERS 

AT  LOW  TEMPERATURE 
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Main  fuel  filter,  wire  mesh,  ”4  micron  absolute,  3000  cm 
Main  fuel  filter,  paper,  40  micron,  5900  cm2. 
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FIGURE  6.  IGNITION  OF  JET  A  AND  DEGRADED  AMK  (T  63  COMBUSTOR) 
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While  the  RAH  used  an  in-line  blending  device  that  was  specifi¬ 
cally  designed  to  disperse  the  extremely  viscous  ('10<>  poise)  slurry,  it  was 
found  possible  to  disperse  the  slurry  with  an  ordinary  air  driven  mixer  if 
the  FM-9  powder  was  added  to  the  carrier  fluid  and  the  resulting  slurry  was 
added  to  the  fuel  before  it  had  time  to  harden.  In  several  instances,  the 
resulting  AMK  blend  cleared  in  approximately  15  minutes;  however,  in  other 
instances,  as  long  as  one  hour  was  required  for  the  solution  to  clear. 
Furthermore,  the  physical  properties  of  AMK  blended  in  this  manner  exhibited 
a  much  wider  range  of  values  than  AMK  made  by  the  conventional  blending 
procedure.  For  example,  the  orifice  flow  (OF)*  varied  from  a  high  of  3.5 
(Fig.  8)  to  a  low  of  2.3  (Fig.  10),  while  the  filtration  ratio  varied  from 
a  low  of  31  (Fig.  8)  to  a  high  of  47  (Fig.  10).  Despite  these  wide  ranges 
of  physical  properties,  the  mist  ignition  characteristics  were  not  mea¬ 
surably  different  (see  Figs.  8  through  10).  Furthermore,  these  results 
indicate  that  despite  the  fact  that  the  FR  remains  relatively  high,  AMK 
blended  from  slurry  can  be  degraded  to  a  level  that  appears  to  be  equivalent 
to  Jet  A  in  terns  of  mist  flammability .  In  only  one  case  (Fig.  10)  did  the 
degraded  AMK  appear  to  have  a  slightly  higher  resistance  to  misting  than 
Jet  A  following  degradation.  The  fact  that  the  FR  of  the  degraded  sample 
was  only  slightly  lower  (27  compared  to  47)  than  the  undegraded  sample 
suggests  that  a  poorly  dissolved  (i.e.,  poorly  solvated)  polymer  is  present 
that  is  ineffective  as  an  antimisting  agent  but  that  readily  plugs  a  filter. 

3.  Small-Scale  Filtration  Tests 

In  small-scale  filtration  tests  (Pump  Filtration  Test)**  with  de¬ 
graded  AMK,  the  pressure  drop  across  a  section  of  filter  material  was  ob¬ 
served  as  a  function  of  time  (up  to  two  minutes)  at  increasing  flow  rates. 
Because  of  the  low  dirt  holding  capacity  of  the  small  (0. 1-0.4  cm2)  filter 
area,  samples  were  gravity  filtered  through  a  number  41  Whatman®  paper  filter 
prior  to  their  use  in  this  test.  The  critical  filtration  velocity  (CFV)  was 
determined  by  the  highest  superficial  velocity  (flow  rate  divided  by  filter 
area)  at  which  AMK  could  flow  through  a  particular  filter  without  resulting 
in  a  significant  pressure  increase  in  a  two-ininute  period. 

The  filtration  characteristics  of  AMK  degraded  at  ambient  condi¬ 
tions  (23  kWs/i)  arc  shown  in  Figure  11.  The  filter  materials  in  these 
tests  correspond  to  those  used  in  the  full-scale  filter  tests  (Tables  1  and 
2).  With  the  40  am  paper  filter,  there  was  a  rapid  increase  in  the  rate 
of  plugging  at  velocities  above  0.5  cm/s.  The  absence  of  any  measurable 
pressure  rise  with  time  at  velocities  below  0.5  cm/s  is  in  agreement  with 
the  full-scale  experiments  in  which  satisfactory  performance  was  obtained 
at  1500  Kg/hr  (0.16  cm/s). 

The  rate  of  plugging  with  the  40  pm  metal  screen  (wash-flow  screen) 
was  barely  discernible  up  to  velocities  near  10  cm/s ;  therefore,  the  critical 
velocity  is  estimated  to  be  approximately  10  cm/s.  Since  the  full-scale 


*British  Standard  1753. 

**This  test  method  is  described  m  Appendix  B. 
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filtration  experiments  involved  very  high  velocities  through  the  wash-flow 
screen  (11  cm/s  at  320  Kg/hr  and  22  cm/s  at  650  Kg/hr),  the  results  in 
Figure  11  indicate  that  filter  plugging  would  be  expected.  The  fact  that 
none  was  observed  suggests  that  the  duration  of  the  test  might  have  been  too 
short.  However,  it  is  also  possible  that  the  conditions  in  the  full-scale 
test  (particularly  the  wash-flow  action)  were  not  simulated  by  the  small- 
scale  test  and  that  these  conditions  may  he  important  to  lil Lor  plugging. 

A  second  comparison  between  the  full-scale  and  small-scale  fil¬ 
tration  tests  is  provided  by  the  data  in  Figure  12.  The  AMK  samples  in 
these  experiments  were  degraded  with  a  needle  valve  at  a  fixed  flow  rate 
and  different  specific  powers  (21,  14,  and  7  kWs/f ,  see  Table  1).  Because 
of  the  effect  of  temperature  on  filtration,  the  small-scale  experiments 
were  conducted  at  slightly  different  temperatures  (38°,  35°,  and  32°C) 
which  corresponded  to  the  temperatures  of  the  degraded  fuel  as  it  flowed 
through  the  filter  in  the  full-scale  tests.  The  CFV  for  fuels  degraded  at 
21  and  14  kWs/f.  were  not  significantly  different  (v0.4  cm/s).  However,  at 
7  kWs/R  the  CFV  was  between  0.2  cm/s  and  0.3  cm/s.  It  should  be  noted  that 
rapid  plugging  was  produced  in  the  JT8D  fuel  filter  with  degraded  AMK 
(7  kWs/U)  at  a  velocity  of  0.15  cm/s  (Table  1). 

Beginning  around  January  1981,  anomalous  results  were  observed  in 
which  the  CFV  of  AMK  was  found  to  decrease  with  time  following  degradation 
(Fig.  13).  This  effect  could  not  be  detected  in  the  standard  filtration 
ratio  test.  For  example,  a  particularly  odd  sample  had  filtration  ratios 
of  1.11  (1.10)*  for  a  16-18  pm  metal  screen  and  1.64  (1.50)  for  40  pm  paper 
immediately  after  degradation.  Approximately  six  weeks  later,  the  filtra¬ 
tion  ratios  were  1.11  (1.10)  and  1.51  (1.47)  for  the  metal  and  paper  filters, 
respectively.  In  light  of  t  hesc  vr suits,  it  in  dtffiouf  t  to  wi,lcrst,a>;J  ft,  •« 
this  degraded  s,mtfde  ("■!  kWs/t )  could  hare  poorer  .,‘77  /  net  inn  charaet  ,:ri  c,  t  i  re 
than  undi'.jrarfcd  AMK  in  which  filtration  native,  arc  typical  /a  -td-hd  t.ri  Ik 

p m  metal  screens  an, I  t'OO-V.hQ  with  Id  \in  paper.  Nevertheless,  it  was 
observed  that  this  degraded  sample  could  not  be  filtered  prior  to  its  use 
in  the  Pump  Filtration  Test.  A  brief  description  of  this  experiment  is  given 
in  the  following  paragraph. 

Two  separatory  flasks,  one  containing  1.5  liters  of  degraded  AMK 
and  the  other  an  identical  quantity  of  undegraded  AMK,  were  allowed  to  slowly 
drip  into  two  funnels  that  were  lined  with  number  41  Whatman  filter  papers. 
Once  the  filtration  rate  for  the  undegraded  AMK  was  established,  no  further 
adjustment  was  necessary.  However,  the  filtration  rate  of  the  degraded  sample 
decreased  with  time  so  that  the  rate  of  flow  into  the  funnel  had  to  be  con¬ 
tinually  decreased  to  prevent  overflow.  After  approximately  three  hours,  the 
entire  1.5  liters  of  undegraded  AMK  had  been  filtered,  but  less  than  one  liter 
of  the  degraded  sample  had  been  collected  in  12  hours! 


*  The  number  in  parenthesis  is  the  result  ol  a  duplicate  experiment. 
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This  result  suggested  that  the  filtration  ratios  were  incorrect 
due  to  the  relatively  short  flow  time  (4-5  seconds)  for  the  standard  fil¬ 
tration  ratio  test.  Consequently,  experiments  were  conducted  in  which 
the  flow  time  in  the  filtration  ratio  test  was  increased  by  decreasing  the 
cross-sectional  area  of  the  filter.  This  was  achieved  hv  placing  the  I illei 
paper  between  two  discs  with  a  hole  of  the  desired  size  in  the  center.  Mala 
were  obtained  for  areas  from  5.0  cm2  (standard  fill  rat  ion  ratio  test)  In 
0.2  cm-.  The  flowtime  was  first  measured  for  del  A  and  then  degraded  AMK, 
and  each  filtration  ratio  was  obtained  with  a  new  filter.  The  time  for  the 
flow  of  96  mV  of  Jet  A  increased  inversely  with  the  filter  area,  so  that  the 
average  velocity  (V  =  Q/A)  remained  essentially  constant.  On  the  other  hand, 
the  velocity  of  degraded  AMK  samples  generally  decreased  with  increasing 
flow  time  or  decreasing  area.  For  example,  the  results  in  Figure  14  show 
the  effect  of  flow  time  on  the  degraded  AMK  sample  that  exhibited  the  poor 
filtration  characteristics  which  were  previously  discussed.  These  results 
demonstrate  that  filtration  ratios ,  as  measured  iu  the  current  test,  can  be 
in  serious  error. 

In  addition  to  the  dependency  of  the  CFV  on  the  elapsed  time 
following  degradation,  a  comparison  with  earlier  experiments  (Fig.  15)  indi¬ 
cated  that  recent  blends  were  harder  to  degrade.  The  only  obvious  difference 
between  these  experiments  was  that  the  FM-9  powder  was  from  different  lots. 

A  second  batch  of  this  same  lot  (8406)  was  obtained  from  1C  I  Americas  and  a 
fresh  AMK  blend  was  made  with  this  now  material.  Filtration  data  for  a 
degraded  sample  (packed  tube,  840  pm,  l./l).,  =  6,  45  kWs/v)  are  compared  with 
an  earlier  experiment  in  Figure  16.  These  results  indicated  almost  an  oidei 
of  magnitude  difference  in  the  CFV.  Of  the  various  physical  properties  lot 
tiiese  two  samples,  only  the  undegraded  filtration  ratios  (I'Kj)  were  signifi¬ 
cantly  different.  In  particular,  the  more  recent  blond  o!  Lot  8406  had  a 
higher  FR^  (51  compared  to  37)  and  was  harder  to  degrade. 

It  is  unlikely  that  these  observations  can  he  explained  solely  by- 
differences  in  the  FM-9  powder,  and  it  is  suspected  that  the  addition  of  the 
amine  in  the  blending  of  AMK  may  also  bo  a  factor.  Earlier  experiments 
showed  that  if  the  amine  wer>-  added  before  complete  dissolution  of  the 
powder  in  the  glycol,  very  high  filtration  ratios  (100-200)  could  occur. 
However,  within  a  few  days  these  high  values  decreased  and  eventually 
resulted  in  normal  fi  lrr.it  ion  ratios  that  were  of  the  order  of  40-45.  At 
present,  there  is  no  prescribed  way  of  determining  how  long  to  wait  before 
addition  ot  the  amine,  and  it  is  possible  that  this  time  can  vary  from  one 
batch  of  FM--9  powder  to  the  next.  While  these  results  may  be  an  artifact  of 
small-scale  filtration  experiments,  it  should  be  noted  that  all  of  the  full- 
scale  filtration  experiments  summarized  in  Tables  1-3  were  conducted  with 
recent  AMK  blends  that  appeared  to  be  more  difficult  to  degrade  in  terms 
of  small-scale  filtration  tests. 
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FILTRATION  RATIO,  DIMENSIONLESS 


n* 


100.0 


10.0 


FR  tAMK//tJET  A 


SAMPLE  VOLUME  (96ml) 

FILTER  AREA  (0.2-5.0cm2) 
FILTER  TYPE  (40  MICRON  PAPER) 
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III.  ANALYSIS  OF  AMK  FOR  OLYCOI,  AND  AMINE 


The  measu remonl  of  glycol  content  of  AMK  c.m  he  read  i  I v  accomplished 
by  the  use  of  infrared  spectroscopy*.  For  example,  several  runs  witli  the 
same  standard  blend  (calculated  glycol  content  of  0.58842)  are  summarized 
in  the  following  table.  in  each  case  the  cell  was  removed,  washed,  dried, 
and  then  refilled: 


Wt  %  Glycol 
by  Infrared 

0.548 

0.598 

0.590 

0.557 

0.586 

0.590 

0.584 

0.624 

0.617 

0.592 


X  =  0.589 
■  =  0.023 


The  results  in  the  next  table  compare  the  measured  and  calculated  glycol 
content  of  five  samples  that  were  sent  for  analysis  and  identified  only  as 
A,  B,  C,  D,  and  E.  Actually,  samples  B  and  C  were  the  same  blend  as  were 
samples  D  and  F  The  measured  glycol  content  was  consistently  2  to  4%  lower 
than  the  calculated  values.  Sample  A  was  made  from  slurry  in  which  0.5  wt  % 
water  was  added  to  the  glycol  (this  is  less  than  50  ppm  water  in  the  finished 
AMK  blend)  as  specified  by  RAE,  all  other  blends  were  made  without  the  addi¬ 
tion  of  water. 


Mt  %  v  lycol 


Sampl e 

Measured 

Calculated 

A 

0.59 

0.60 

B 

0.54 

0.57 

C 

0.54 

0.57 

D 

0.56 

0.57 

E 

0.55 

0.57 

*  A  description  of  this  test  procedure  is  given  in  Appendix  C. 
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Measurement  of  the  ;utiine  content  of  AMR  has  been  found  to  he  much  more 
difficult.  The  relatively  low  concentration  of  amine  ('ISO  ppm)  requires 
a  very  sensitive  method  such  as  would  he  provided  by  combustion  and  nitrogen 
detection  with  chemiluminescence  (sensitivity  a  few  parts  per  billion 
nitrogen).  However,  it  has  been  found  that  it  is  difficult  to  inject  AMR 
into  the  pyro-reactor  (950°C)  with  small  bore  needles  (S.O  \\<  syringes). 

This  is  not  due  to  the  gel  forming  characteristics  of  the  IM-9  hut  rather 
to  the  evaporation  of  fuel  and  the  formation  of  solid  polymer  in  the  needle 
tip.  An  alternate  procedure  in  which  the  sample  is  introduced  first  into 
a  quartz  boat  which  is  then  pushed  into  the  reactor  was  tried  and  also 
found  to  be  unsatisfactory.  For  example,  the  following  data  show  several 
consecutive  runs  with  the  same  AMR  blend  (175  ppm  amine). 

Measured 

Amine  Content,  ppm 


12b 

137 

95 

121 

121 

74 

12b 

X  =  114 

o  =  22 

The  consistently  low  values  measured  for  the  amine  is  a  shortcoming  of  this 
technique  in  which  the  boat  must  rapidly  cool  from  950°C  to  ambient.  A 
thermocouple  placed  in  the  boat  indicated  that  the  temperature  dropped  from 
950°C  to  60°C  within  five  minutes.  However,  no  further  temperature  reduc¬ 
tion  with  time  was  observed.  This  was  probably  due  to  radiation  heat  inn  of 
the  boat  by  the  furnace.  Consequently,  there  is  a  good  chance  of  appreciable 
loss  of  sample  due  to  evaporation. 


Because  of  the  high  sensitivity  of  this  technique,  it  has  been  found 
possible  to  dilute  the  AMR  and  reduce  plugging  of  the  microsyringe*.  The 
mean  and  standard  deviation  (based  on  five  consecutive  injections)  for  three 
AMR  blends  received  from  ICI  Americas,  Inc.,  are  summarized  in  the  following 
table: 


RMJi-  1-129 
I  0.3'i,  FM-9) 


RM1I- 1-136 
(O.27°o  FM-9) 


RMH-1-138 
(0.3 "u  FM-9) 


X  =  181  ppm 


1 1 2  ppm 


144  ppm 


o  =  5  ppm 


6  ppm 


1  1  ppm 


A  description  of  this  test  method  is  provided  in  Appendix  0. 


Based  on  the  nominal  polymer  content  indicated  on  these  sample  containers, 
the  expected  amine  content  1 5 %  of  the  I'M- 9  polymer)  would  be  150  ppm, 

135  ppm  and  150  ppin  for  RMH-1-129,  RHM-1-136  and  RMH-1-138,  respectively. 
Differences  between  the  measured  and  nominal  amine  content  of  two  of  these 
samples  are  greater  than  the  expected  experimental  error;  however,  addi¬ 
tional  data  are  required  before  a  high  degree  of  confidence  can  be  attri¬ 
buted  to  this  technique. 

IV.  ('.HI.  PERM!:  AT  ION  CHROMATOGRAPHY  (CPC) 

CPC  measurements  of  undegraded  and  degraded  AMK  (both  conventional 
blends  and  blends  made  by  dispersing  a  slurry  of  l'M-9  powder  and  glycol/ 
amine  carrier  fluid  in  Jet  A)  have  been  made  with  a  Water's  AEC  100  unit 
equipped  with  differential  refract iometer  and  l)V  detectors.  Microstyrogcl 
was  used  in  1-foot  columns  of  the  following  sizes  10b,  10$  (2  each),  and 
104  A.  The  solvent  was  tetrahydrofuran  (TUP)  and  the  flow  rate  was  1  me/min. 

In  addition,  AMK  samples  were  diluted  by  a  factor  of  10/1  with  TUP  to  mini¬ 
mize  flow  induced  shear  thickening  of  the  polymer  and  then  filtered  (Whatman 
#42  paper)  to  remove  insoluble  contaminants. 

GPC  separates  polymer  solutions  according  to  their  molecular  size,  not 
necessarily  according  to  their  molecular  weight.  Por  example,  smaller 
molecules  diffuse  into  the  internal  pore  structure  of  the  microstyrogel . 

I.arger  molecules  can  do  this  to  a  lesser  degree  and  the  very  largest 
molecules  (M  10  -  20  x  106)  may  be  completely  excluded.  Therefore,  the 
largest  molecules  flow  through  the  column  and  emerge  first  while  smaller 
molecules  emerge  later.  Consequently,  a  CPC  chromatogram  contains  infor¬ 
mation  regarding  the  entire  spectrum  of  molecular  sizes  present  in  a  particu¬ 
lar  sample.  It  is  not  possible  to  theoretically  predict  the  rate  of  elution 
for  a  particular  molecular  size.  However,  this  can  be  established  by  cali¬ 
brating  the  columns  with  high  molecular  weight  materials  whose  size  have 
been  determined  by  a  more  basic  measurement  technique  such  as  light  scattering. 
While  some  success  has  been  reported  in  correlating  CPC  data  in  terms  of  a 
molecular  size  parameter  (M[n](7),  where  M  is  the  molecular  weight  and  [n] 
is  the  intrinsic  viscosity,  this  procedure  is  quite  tedious.  The  procedure 
used  in  this  work  has  been  to  calibrate  the  column  with  high  molecular  weight 
polystyrene  (PS)  standards  and  to  report  results  in  terms  of  the  peak  elution 
volume  (PP.V)  which  is  representative  of  the  average  molecular  size. 

The  data  in  Table  4  summarize  CPC  measurements  in  which  dates  of  experi¬ 
ments  are  presented  to  help  explain  certain  pecularities  that  were  observed. 

The  first  three  entries  in  Table  4  represent  consecutive  experiments  con¬ 
ducted  on  the  same  day  with  a  polystyrene  (M  =  3.8  x  l()b)  standard.  These 
results  show  that  the  PHV  of  the  3.8  x  10b  PS  was  highly  repeatable  (24.4  mf). 
However,  reruns  of  the  standard  on  different  days,  particularly  following  the 
use  of  undegraded  .AMK  in  the  columns,  indicated  a  significant  shift  in  the 
PEV  (e.g. ,  PEV  =  25.1  nb’  on  11/7/80).  The  fact  that  this  shift  was  not  noted 
after  the  initial  experiments  witli  undegraded  AMK  (10/29/80  and  11/10/80) 
suggests  that  very  high  molecular  weight  species  (possibly  microgel)  may 
temporarily  interfere  with  subsequent  CPC  experiments. 


TABLE  4.  EFFECT  OF  DEGRADER  POWER  AND  DEGRADER  TYPE  ON  PEAK  ELUTION  VOLUME 


C 

O 

*^h 

B 

«— l 

r-H 

fH 

rH 

«— i 

tO 

04 

o 

NO 

04 

r H 

NO 

NO 

O 

cr> 

Cl 

O 

04 

vO 

4-> 

«> 

•  • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

• 

• 

• 

• 

• 

• 

. 

• 

• 

• 

• 

• 

• 

• 

• 

. 

3 

rH 

rj- 

LO 

NO 

NO 

Tt 

LO 

^3“ 

nO 

"Tf 

tO 

rr 

NO 

LO 

LO 

lO 

■Of 

NO 

rf 

nO 

S D 

lO 

lO 

ro 

vO 

O 

04  04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

04 

OJ 

04 

04 

04 

04 

04 

04 

ri 

r  i 

UJ 

> 

to  i  r-  o  o  i 


O  *-»  I  I  I  tO  I  rH 

u  a  I  I  i  *i 

(/)  Qi  I  I  I  rH  I  rH 


i  cn  cn  I 

i  r-  r-.  i 

i  •  •  i 


in  cn  r- 
rsj  04  r- 


T  10  — i 
ri  r-i  rj 


4-> 

o 

LO 

oj 

•  rH 

• 

5h 

4-> 

rH 

4-J 

03 

III  II 

1  o- 

i 

1 

1 

1 

T— 1 

C£ 

1  l  l  to  i 

1  rH  CD 

O  1 

1 

1 

1  04 

•  H 

III  •  1 

1  •  • 

•  1 

1  00 

rH  1 

1 

U. 

III  rH  1 

1  rH  rH 

vO  1 

1  to 

to  l 

1  rH 

U 

1 

to 

•rH  •» 

to 

to 

<4h  Sh 

cH 

t/> 

03 

•H  CD 

N 

cl 

a 

u  £ 

to 

III  C*  1 

i  l  o 

O  1 

1 

1 

1  O 

CD  O 

3r 

III  II 

1  SO  • 

•  1 

1 

1 

1 

CX  CL 

X 

III  to  i 

1  rH  vO 

vO  1 

1  o 

O  1 

1  ■Of 

lo 

III  '-HI 

i  w  r  i 

04  l 

1 

1 

1  04 

O  N  h  O  N  ^  r-  I  I 

H  H  oo  H  M  • — '  hO  P4 

. nD  •  •  • 

r—4  r—*  r—i  r—4  rH  r— 4  rH  ("NJ  rH  rH  rH 


to 

</)  to 
03  to 
a,  aj 

rrco^niomo  i  pl 
. o  »  o 

fNK)(NO(TiOOK)H^C 
C4  • — •  r— <  CM  CM  rH  04  v — '  v — *  i—i 


O 
00 
CD  \ 
L>  00 

ctJ  rj  : 

a 

o 


Gh 

CUT)  ~P 

'TD 

o 

T3 

<D 

D, 

B 

£ 

v — '  v — ' 

^ 

too 

rH 

' — * 

V - ' 

rH 

£ 

3 

3 

G 

"D 

X 

3 

a. 

CL 

<D  (D 

(D 

■rH 

CD 

CD 

CD 

(D 

CL 

X>  X) 

X) 

x  : 

<d  r 

^  X)  ► 

X) 

z 

<D 

c 

rH 

rH 

p  p 

D 

•rH 

D 

3 

?: 

i— i 

a> 

<D 

H  t— 

1— 

H 

a> 

P 

P 

• 

• 

3 

Li- 

U- 

X  X 

T3 

O 

G 

T3 

XJ 

G 

U- 

(D  CD 

CD 

•rH 

•  «H 

CD 

<D 

•  rH 

I  Q  1 

Q 

X  -X 

i 

i 

<D 

o 

1 

1 

-X 

1 

o 

r 

* 

:  lc  : 

-X 

z 

a 

1 

1 

1  00  1 

00 

CD  <J 

i 

i 

G 

c 

1 

1 

U 

1 

c 

a 

■o- 

CD 

u 

00 

UJ 

1 

1 

i  H  i 

s— 

d  cj 

i 

i 

O 

o 

1 

1 

o3 

1 

o 

4-J 

CT3 

ct3 

\ 

H 

< 

1 

1 

i  x  i 

X 

G-  Cl 

i 

i 

1 

1 

i— . 

1 

X. 

L0 

to 

CL 

CL 

to 

X) 

Q£ 

1 

1 

LO 

LO 

LO 

L0 

LO 

LO 

LO 

to 

Cu 

CL 

CL 

Cm 

CL 

CL 

CL 

CL 

X> 

N O 

nO 

nO 

NO 

nO 

no 

to 

O 

o 

o 

O 

o 

o 

o 

O 

r-. 

rH 

rH 

rH 

f-H 

r~' 

rH 

rH 

-  X 

* 

X 

X 

* 

X 

X 

X 

¥ 

X 

X 

X  00 

X 

x  x 

CO 

QC 

X 

00 

00 

LL 

00 

■X 

CO 

1  - 

2  $  3 

ro 

to 

< 

to 

to 

to 

a 

-  = 

:  - 

-  :  - 

- 

z 

- 

: 

to 

X) 

o 

o 

o 

CO 

00 

CO 

00 

CTl 

r  2 

o 

*T 

r  04  r 

“ 

l  r. 

- 

o 

c 

c 

rH 

t 

c 

t  1 

z  z 

t  :  : 

z 

z 

c 

I 

c 

4 


29 


Blended  from  a  slurry  of  FM-9  powder  in  plycol/amine  carrier  fluid. 


The  initial  experiments  with  degraded  AMk  samples  (10/29/80)  showed 
tliat  Ill'll  could  detect  differences  between  highly  degraded  AMk  samples 
(c.g.,  1  ’ I  V  =  29.1  mV  for  3-pass  and  26.  1  no’  for  lo-pass  AMk)1.  furthermore, 
these  results  indicated  that  a  level  of  molecular  size  reduction  equivalent 
to  16  passes  through  a  JT8I)  fuel  pump  could  he  achieved  by  a  single  pass 
through  a  packed  tube  at  a  higher  specific  power. 

Results  of  degrading  a  particular  AMk  blend  (Of  =  2.9  mV/30  see., 

VR  =  1.67,  PR  =  37)  by  different  methods  and  at  different  specific  powers 
are  also  presented  in  Table  4  (01/14/81).  The  effect  of  these  parameters 
have  been  interpreted  in  terms  of  a  molecular  weight  ratio  (M/Mf,  where  Mi 
is  the  peak  molecular  weight  of  undegraded  AMk  relative  to  polystyrene)  is 
shown  in  figure  17.  These  results  suggest  that  the  packed  tubes  and  needle 
valve  are  more  efficient  (i.e.,  require  less  power  to  produce  a  specific 
molecular  weight  reduction)  than  the  static  mixing  tube  (komax  Systems,  Inc.). 
However,  a  shorter  static  mixing  tube  should  be  tested  before  this  conclusion 
is  drawn.  Since  the  VR  of  a  dilute  polymer  solution  is  related  to  the 
intrinsic  viscosity,  which  in  turn  is  related  to  molecular  size,  one  would 
expect  a  reasonably  good  correlation  between  peak  molecular  weight  as  de¬ 
termined  by  (IPO  and  the  VR.  That  such  a  correlation  exists  for  partially 
degraded  AMk  is  shown  by  the  data  in  figure  18. 

While  these  preliminary  results  were  very  encouraging,  HPtl  measurements 
for  a  sample  at'  AMK  that  was  blended  from  a  slump  of  p<n&ier  in  a 

jlpoo! /amine  carrier  fluid  and  then  degraded  to  i  thin  ere  hour  (i'aoked  info, 
d.,  =  420  i mi,  /. / dp  =  kWts/9. )  indicated  an  even  hiaher  !  eve!  of  deara- 

d ation  (PHV  =  1)0.4  mv)  than  it'  pass  AMK!  Since  the  RAH  reported  that  AMk 
blended  from  slurry  is  difficult  to  degrade  for  several  hours  following 
blending,  the  high  level  of  degradation  indicated  by  the  ill'll  appears  to 
conflict  with  their  results.  However,  this  conflict  can  be  partially 
explained  by  the  fact  that  the  RAH  have  based  their  conclusion  on  the  higher 
than  normal  filtration  ratios  observed  for  degraded  AMk  blended  from  slurry. 
Similar  results  are  shown  for  the  sample  blended  from  slurry  in  Table  4 
(10/29/80).  for  example,  the  I Rj  before  degradation  was  81  (this  PR  value 
is  lower  than  typical  AMk  blends)  and  was  reduced  to  only  6.0  after  flow 
through  a  packed  tube  (dp  =  420  am,  l.dp  =  8 )  at  a  specific  power  of  26  kWs/V. 
Generally,  a  PR  of  1.0-1. 2  would  be  expected  for  typical  AMk  blends.  On  the 
other  hand,  the  VR  was  reduced  from  1 . 79  (this  VR  value  is  higher  than  typical 
AMk  blends)  to  1.20.  This  low  VR  is  indicative  of  a  high  level  of  degra¬ 
dation  that  has  been  confirmed  by  the  mist  flammability  experiments  discussed 
earl ier  ( f i g .  8  )  . 

Similar  results  ( IT V  =  26.9  m  ■  ,  fable  4,  01/1  !/<>,,  were  obtained  with 
a  second  AMk  sample  that  was  blended  by  dispersing  slurry  into  let  A  and 
degrading  the  blend  within  one  hour  with  a  needle  valve  (28  kWs/f).  The 
initial  PR  of  this  blend  was  47  and  the  initial  VR  was  !.<>S.  Immediately 
following,  degradation  duplicate  IR  measurements  gave  values  of  12  and  19, 
respectively,  and  approximately  a  week  later  these  \alues  we  re  26  and  27. 
However,  the  VR  remained  at  a  very  low  value  of  l.lo.  Mist  flammability 
experiments,  that  were  discussed  earlier,  indicated  a  high  degree  of 


*These  samples  were  received  from  Pratt  1,  Whitney. 
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FIGURE  IS.  CORRELATION  BETWEEN  VISCOSITY  RATIO  AND  GPC  PEAK  MOLECULAR  WEIGHT 


degradation;  hut  this  fuel  was  slightly  more  ilil'fieult  to 
(Fig.  10).  These  findings  indicate  that  the  'VI  !,■  it, 

ffci'i-nr  /civ.a;  ,)/  .L'onuJiit  i<  >n;  //t’Wt’fV/*,  the  I'h'i  '  m.iu 
the  fii>,')‘iil'i/;tii  (>/,/(■.;  i‘<uli\l  AUK  if  ninny  hlen,i,\l  J’n, 
This  may  be  due  to  small  amounts  of  poorly  solubilized  (i 
swollen)  polymer  that  have  little  effect  on  VR  or  I’RV  but 
readily  plug  a  filter. 
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V.  FLAMMABILITY  COMl’ARISON  TFiST  APPARATUS  ( FCTA) 


Mist  ignition  characteristics  of  AMK  were  measured  with  a  Flammability 
Comparison  Test  Apparatus  (Unit  5)  that  was  developed  at  the  Federal 
Aviation  Administration  Technical  Center.  (IS)  Preliminary  ( non-ignit i on) 
experiments  indicated  a  large  drop  in  pressure  and  a  correspondingly  large 
change  in  air  velocity  during  the  fuel  dump.  For  example,  with  the  initial 
air  pressure  set  at  80  psi,  tin-  final  pressure  was  Ad  ps i .  This  is  equiva¬ 
lent  to  a  drop  in  air  velocity  from  71  m/s  to  17  m/ s ,  respectively1. 

Attempts  to  supplement  the  air  pressure  in  the  tank  with  shop  air  resulted 
in  only  slightly  better  results.  This  uncertainty  of  the  exact  pressure 
or  velocity  associated  with  failure  of  the  fuel  would  make  it  difficult  to 
compare  results  with  different  flammability  tests.  However,  instrumentation 
of  the  air  reservoir  with  a  pressure  transducer  and  strip-chart  recorder 
showed  that  the  maximum  heat  release  from  the  resulting  mist  fire  closely 
coincided  with  the  midpoint  of  the  fuel  dump.  Therefore,  the  mean  air 
velocity**,  based  on  the  midpoint  of  the  fuel  dump,  should  be  an  excellent 
measure  of  the  characteristic  air  velocity  at  the  time  of  ignition. 

A  second  problem,  that  could  not  be  solved  as  easily,  is  apparently 
due  to  the  difficulty  of  atomizing  fuel  inside  of  a  pipe  with  a  relatively 
small  diameter  (one  inch).  A  pan  was  placed  beneath  the  diffuser  cone  and 
the  amount  of  fuel  collected  (i.e.,  run-off)  was  measured  as  a  function  of 
the  initial  air  pressure  in  the  tank.  The  results  in  Figure  19  show  that 
the  amounts  of  .let  A  and  AMK  collected  decreased  with  increasing  air  pres¬ 
sure.  At  low  pressures,  approximately  90".  of  the  AMK  was  collected  as  run-ot t . 
This  would  probably  be  attributed  to  the  relatively  high  resistance  of  AMR 
to  atomization  that  results  in  the  majority  ol  the  AMK  contacting  the  wall 
of  the  pipe.  The  reason  for  the  observed  crossover  at  high  pressures,  in 
which  more  .Jet  A  was  collected  than  AMK,  is  less  evident.  Nevertheless,  the 
important  point  is  that  the  fuel  run-off  (which  is  a  function  oi  air  speed 
and  atomization  characteristics  of  the  fuel)  results  in  the  actual  fuel  dump 
rate  (i.e.,  corrected  for  fuel  run-off)  being  lower  than  expected.  Further¬ 
more,  fuel  that  is  trapped  on  the  wall  of  the  pipe  cannot  readily  contribute 
to  the  heat  release  of  the  mist  fire;  consequently,  heat  release  rates  may  be 
expected  to  lie  a  function  of  atomization  (which  is  the  desired  parameter)  and 
also  a  function  of  fuel  run-off  l which  is  an  artifact  of  the  apparatus). 


*The  equivalent  air  velocity  was  calculated  from  a  calibration  curve 
that  was  provided  with  the  apparatus. 

**Ca 1 ibrat i on  curves  were  also  provided  in  terms  of  the  mean  air  velocity. 

A  A 


EFFECT  OF  INITIAL  TANK  PRESSURE  ON  FUEL  RUN-OFF 
FLAMMABILITY  COMPARISON  TEST  APPARATUS) 


Since  spinning  disc  experiments  indicate  that  AMR  made  without  the  amine 
component  of  the  carrier  fluid  is  as  effective  as  standard  AMK(9,10),  the 
i'Cii’A  was  used  to  evaluate  t lie  effect  of  the  amine.  The  data  in- Figure  20 
are  for  two  different  AMR  blends  made  without  amine  and  a  standard  AMR. 

Both  blends  without  amine  start  to  burn  at  lower  air  velocities  than  standard 
AMR;  however,  with  one  sample,  the  differences  in  heat  release  are  barely 
measurable.  Similar  sample  differences  have  been  observed  for  AMR  in  the 
Spinning  Disc  Test ( 1 0)  and  the  JPL  mini-Wing  Test.(JM)  The  reason  for  these 
differences  is  not  presently  known. 

A  second  important  observation  was  that  while  the  maximum  heat  release 
for  Jet  A  was  of  the  same  order  of  magnitude  as  reported  earlier (8),  the 
heat  release  for  AMR  was  significantly  lower.  liven  at  the  air  velocities 
approaching  90  m/s,  the  heat  release  for  AMR  was  well  below  the  pass/marginal 
value  of  0.6  BTU/ft^-sec .  Checks  of  fuel  flow  rates  and  air  velocities 
showed  them  to  be  well  within  their  expected  values;  however,  upon  closer 
inspection  the  fuel  dump  tube  was  found  to  be  slightly  off-center.  Realign¬ 
ment  of  the  fuel  dump  tube  increased  the  heat  release  to  above  0.6  BTU/ft^-sec 
(Fig.  21);  however,  fail  conditions  associated  with  flashback  of  mist  fire 
into  the  diffuser  cone  could  not  be  achieved  with  freshly  blended  samples 
of  AMR.  A  recheck  of  fuel  run-off  after  realignment  of  the  fuel  dump  tube 
has  not  as  yet  been  made;  therefore,  it  is  not  known  whether  or  not  the 
increased  heat  release  is  due  to  decreased  fuel  run-off. 

The  results  in  ligure  21  compare  the  mist  flammability  of  AMR  with 
another  modified  Jet  A  (0.3?o  Culf  AMA-2B).  The  FCTA  indicates  that  both 
fuels  have  similar  antimisting  properties  with  the  AMR  fuel  producing 
slightly  lower  heat  release  rates.  It  is  interesting  to  note  that  the 
Spinning  Disc  Test  indicated  that  the  critical  velocity  of  AMR  was  close 
to  60  m/s  while  that  of  Culf  AMA-2B  was  only  50  m/s.  While  this  is  the 
some  directional  effect  as  observed  with  the  Flammability  Comparison 
Apparatus,  the  mode  of  failure  appeared  to  be  much  more  severe  with  the 
Culf  additive  than  with  AMR  in  the  Spinning  Disc  Test  (Fig.  22). 


VI.  RIIHOTOCICAI.  PROPFRTTHS  OF  AMR 


A.  CAP  1 1, 1, ARY  TUB!-;  FXPFRIMHNTS 

Flow  experiments  with  AMR  were  conducted  with  the  pump  filtration 
apparatus  in  which  a  series  of  different  size  capillary  tubes  replaced 
the  filter  elements.  The  pressure  drop  was  measured  as  a  function  of 
time  at  different  flow  rates.  Data  for  undegraded  /AMR  at  25°C  are  shown 
in  Figure  23  in  which  the  steady-state  pressure  drop  was  used  to  calculate 
the  wall  shear  stress  (RAP/21,'),  and  the  flow  rate  was  used  to  calculate 
the  wall  shear  rate  (8V/D).  These  results  show  that  the  flow  data  were 
independent  of  both  capillary  tube  length  and  diameter  over  the  range  of 
variables  that  were  investigated.  The  absence  of  an  intercept  for  the 
data  in  Figure  24  show  that  entrance  effects  are  negl  igible. ( 12)  The 
invariance  of  these  measurements  substantiates  that  they  are  representative 


35 


MAXIMUM  HEAT  FLUX,  BTU/ft  2. 
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FIGURE  23.  SHEAR  THICKENING  OF  AMK  IN  CAPILLARY  TUBES 
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FIGURE  24.  VISCOUS  RESISTANCE  OF  AMK  IN  DIFFERENT 
LENGTH  CAPILLARY  TUBES  (R  =  0.57  mm) 
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of  the  shear  viscosity  of  AMK.  Therefore,  differences  between  these  data 
and  earlier  data  reported  by  RAF  (Fig.  23)  are  probably  due  to  differences 
in  the  test  temperatures. 

While  the  quantity  8V/D  is  the  true  shear  rate  only  for  a  Newtonian 
liquid,  the  correction  term  for  the  data  in  Figure  23  is  of  second  order*. 
Consequently,  a  reasonable  approximation  of  the  apparent  shear  viscosity 
can  be  obtained  by  taking  the  ratio  of  RAP/2L  to  8V/D.  This  quantity,  which 
has  been  plotted  in  Figure  25,  shows  that  the  shear  viscosity  of  AMK  increases 
when  a  shear  rate  of  2500  s~l  is  exceeded.  However,  the  magnitude  of  the 
viscosity  appears  to  reach  a  maximum  value  of  slightly  greater  than  10  cP. 

It  is  obvious  that  such  a  low  apparent  viscosity  cannot  account  for  the 
effectiveness  of  AMK.  For  example,  the  effect  of  viscosity  on  the  critical 
ignition  velocity  (Fig.  26)  is  only  slightly  higher  for  Jet  A  thickened 
with  mineral  oil  (13  cP)  than  ordinary  Jet  A  (1.5  cP) .  Moreover,  viscosi¬ 
ties  in  excess  of  100  cP  would  be  required  to  provide  mist  fire  protection 
equivalent  to  AMK.  It  has  long  been  realized  that  the  shear  viscosity  of 
viscoelastic  polymers  such  as  FM-4,  AM-l ,  and  poly  isobutyl  one  (TIB)  cannot 
explain  their  antimisting  effectiveness .  It  is  now  evident  that  the  same 
statement  holds  for  FM-9. 

While  the  important  rheological  parameter  for  most  antimisting  addi¬ 
tives  is  generally  thought  to  be  the  elongational  viscosity,  attempts  to 
measure  this  property  for  FM-9  indicated  that  this  additive  was  not  visco¬ 
elastic  .  (_13)  However,  the  rheological  experiments  with  capillary  tubes 
that  were  previously  described  indicated  that  AMK  (FM-9  in  Jet  A  with 
carrier  fluid)  became  highly  viscoelastic  when  the  critical  shear  rate 
was  exceeded.  This  fact  was  readily  apparent  from  the  recoil  and  swelling 
of  jets  of  AMK  as  they  issued  from  the  tip  of  a  capillary  tube.  For 
example,  the  photographs  in  Figure  27  cannot  be  explained  by  differences 
in  the  shear  viscosity  and  must  be  attributed  to  the  development  of  normal 
stresses.  It  is  important  to  note  that  if  the  1,/R  of  the  capillary  tube 
is  less  than  a  critical  value  (L/R  =  3,  Fig.  27),  these  characteristic 
viscoelastic  effects  were  not  developed  with  AMK.  This  shear  induced 
viscoelasticity  is  a  major  difference  between  FM-9  and  most  antimisting 
polymers . 


*In  particular,  for  8V/1*  -  8000  s  '  the  true  shear  rate  is  estimated 
from  the  slope  of  the  lower  curve  in  Figure  23  to  be  7700  s“  . 
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FIGURE  25.  EFFECT  OF  SHEAR  RATE  ON  APPARENT  VISCOSITY  OF 
AMK  IN  CAPIELARY  TUBES 
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FIGURE  26.  EFFECT  OF  SHEAR  VISCOSITY  ON  CRITICAL  IGNITION 
VELOCITY  (SPINNING  DISC) 


In  addition  to  providing  insight  as  to  tlu'  rheological  mechanism  of 
AMK ,  these  observations  suggest  that  normal  stresses,  which  were  not  evident 
in  earlier  experiments  with  orifices,  could  readily  be  determined  from  jet 
thrust  measurements  in  capillary  tubes.  While  the  jet  thrust  experiment 
is  more  difficult  to  execute  and  interpret  than  flow  experiments,  a  quality 
control  test  based  on  normal  stresses  would  have  a  much  stronger  theoretical 
basis  than  one  that  measures  shear  viscosity.  The  following  equation  illu¬ 
strates  some  of  the  difficulties  in  interpretating  jet  thrust  datar^lA) 


T  1  d„T  : 
1  • 

nR?  2nd.  (8V/D)l 


where  P]]  -  ?22  is  the  normal  stress  differences, 

p  is  the  density, 

V  is  the  average  velocity  (Q/A) , 

II  is  the  local  velocity  in  the  tube, 
n  is  a  flow  index  defined  by  RAP/2I.  =  K.  (8V/D)n, 

R  is  the  radius  of  the  capillary  tube, 
r  is  any  radial  position  in  the  tube, 
and  T  is  the  measured  thrust. 

Because  of  the  complexity  of  this  equation,  it  would  be  inappropriate 
to  obtain  jet  thrust  data  relative  to  Jet  A  or  any  other  base  fuel.  In 
particular,  this  equation  indicates  that  not  only  is  the  thrust  at  a  given 
shear  rate  important,  but  the  rate  of  change  of  the  thrust  with  shear  rale 
is  also  important.  Therefore,  thrust  measurements  made  at  only  one  shear 
rate  could  be  misleading. 

Provided  jet  thrust  data  are  properly  analyzed,  the  resulting  normal 
stress  can  be  interpreted  in  terms  of  a  relaxation  time: 


^11  —  ^22  ^11  **22 

2P12(8V/D)  2 »;a  (8V/DI? 


where  P]2  is  the  shear  stress, 

and  n  is  the  apparent  shear  viscosity 
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While  it  does  not  appear  to  be  practical  to  measure  the  elongational  vis¬ 
cosity  of  AMK  at  this  time,  the  use  of  the  shear  viscosity  and  the  relaxa¬ 
tion  time  with  an  appropriate  rheological  model ,  such  as  the  convected 
Maxwel  Model,  would  make  it  possible  to  calculate  the  elongational  viscosity. 
Although  this  degree  of  rigor  may  not  be  required  for  a  quality  control  test, 
it  is  clear  that  jet  thrust  measurements  would  provide  essential  rheological 
information  that  have  not  previously  been  available  for  AMK. 

B.  SIGNIFICANCE  OF  ORIFICE  FLOW  CUP  MEASUREMENTS 

The  orifice  flow  cup  is  one  of  the  primary  quality  control  tests  for 
the  production  of  an  acceptable  AMK  blend.  Since  flow  through  an  orifice 
involves  primarily  elongational  rather  than  shearing  deformations,  one  would 
expect  the  orifice  flow  cup  to  measure  something  other  than  shear  viscosity. 
However,  the  dimensions  of  the  orifice  cup  (1,/R  =  4.85)  suggested  that  shear 
effects  could  be  important.  Experiments  with  Newtonian  liquids  (Jet  A, 
diesel  fuel,  and  Jet  A/mineral  oil  blends)  showed  that  the  effect  of  shear 
viscosity  on  the  orifice  flow  rate  was  significant.  In  particular,  a 
Newtonian  liquid  having  a  shear  viscosity  of  13.6  cP  resulted  in  an  orifice 
flow  rate  of  3.2  m£/30  sec  (Fig.  28).  Despite  the  fact  that  this  value  is 
within  the  specification  limit  of  3.5  m£/30  seconds,  it  is  evident  that  this 
fuel  would  offer  little  mist  fire  protection  (Fig.  29).  Additional  evidence 
that  the  orifice  flow  cup  is  primarily  a  viscometer  is  illustrated  by  the 
excellent  agreement  between  the  measured  and  calculated  viscosities  in 
Figure  28.  The  details  of  these  calculations  are  summarized  in  Table  5. 

While  the  kinetic  energy  correction  (mpv2)  can  usually  be  neglected  with 
long  capillary  tubes  (E/R  '•  100),  this  term  is  important  with  the  orifice 
flow  cup.  Unfortunately,  the  value  of  m  depends  on  the  Reynolds  number  and 
widely  different  values  have  been  reported  by  different  sources. (151  lor 
the  calculations  in  1'able  5,  an  average  value  of  m  -  1.2  was  used.  The 
almost  perfect  agreement  between  the  measured  (1.3b  cl')  and  calculated 
(1.5  cl’)  viscosities  for  Jet  A  would  have  to  be  considered  to  be  due  to  the 
fortuitous  choice  of  m.  Because  of  the  very  small  1,/R  of  the  orifice  cup, 
the  30‘5  differences  between  measured  and  calculated  viscosities  observed 
for  the  more  viscous  liquids  would  probably  be  more  realistic.  While 
these  results  indicate  that  the  orifice  flow  cup  primarily  measures  viscosity, 
it  is  important  to  point  out  that  the  calculated  shear  rate  (8V/D)  in  the 
orifice  test  (Table  5)  is  well  above  the  critical  value  (2500  s-1)  that  was 
established  for  shear  thickening  with  capillary  tubes.  Consequently,  the 
magnitude  of  the  shear  viscosity  measured  by  the  orifice  flow  cup  is  much 
higher  than  that  measured  by  ASTM  D-445  which  is  used  for  the  VR.  Further¬ 
more,  the  magnitude  of  the  shear  viscosity  for  a  sample  of  AMK  with  an 
orifice  flow  rate  of  3.2  mf/30  seconds  is  approximately  the  same  value 
(13.6  cP)  as  the  shear  viscosity  measured  with  long  capillary  tubes  (Fig.  19). 
Admittedly,  these  similarities  occur  at  different  shear  rates  (10,000  s~l 
with  capillary  tubes  and  4000  s-1  with  the  orifice  flow  cup);  nevertheless, 
the  general  agreement  between  these  two  test  methods  is  quite  remarkable 
and  cannot  be  completely  fortuitous.  For  certain  conditions,  it  is  possible 
that  the  shear  viscosity  of  AMK  (above  the  critical  shear  rate)  could  have 
a  direct  bearing  on  the  magnitude  of  the  normal  stresses  that  are  developed. 
However,  it  is  doubtful  that  such  a  relationship  could  be  relied  on  in  all 
instances  to  accurately  predict  antimisting  effectiveness. 
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VII.  CONCLUSIONS 


I. 
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A.  DEGRADER  TESTS 

1.  A  hydraulic  fuel  pump  (TF30  engine)  is  a  practical  means  of 
producing  the  high  pressure  that  is  required  to  degrade  AMK 
in  a  single  pass. 

2.  A  simple  needle  valve  or  variable  area  orifice  is  as  effec¬ 
tive  as  a  packed  tube  (l./dp  =  5)  and  is  able  to  provide  a 
specific  power  level  that  is  essentially  independent  of  the 
fuel  flow  rate. 

3.  At  temperatures  near  ambient  and  at  fuel  flow  rates  from 
idle  to  cruise  (JT8I)  engine),  it  is  possible  to  produce  a 
fuel  with  filtration  and  ignition  properties  similar  to 
those  of  Jet  A  for  a  specific  power  of  (14-21  kWs/H). 

4.  At  temperatures  below  0°C,  higher  specific  power  (28  kWs/f) 
is  required  than  at  ambient. 

5.  At  temperatures  near  50°C,  less  specific  power  may  be 
required  to  meet  filtration  requirements;  however,  no  reduc¬ 
tion  in  specific  power  can  be  expected  in  terms  of  mist 
ignition  performance. 

B.  ANALYSIS  ()[•'  AMK  I  OR  GLYCOL  AND  AMINE! 

1.  The  glycol  content  of  AMK  can  be  determined  by  infrared 
spectroscopy . 

2.  The  amine  content  of  AMK  can  be  determined  by  combustion 
and  chemiluminescence  detection. 

C.  GEL  PERMEATION  CHROMATOGRAPHY 

1.  The  peak  elution  volume  (PEV)  can  be  used  to  characterize 
AMK  blends  that  have  been  degraded  by  different  methods  and 
at  different  specific  power  levels. 

2.  There  is  a  correlation  between  the  peak  molecular  weight 
(relative  to  polystyrene)  and  the  viscosity  ratio.  A 
similar  correlation  exists  between  peak  molecular  weight 
and  the  filtration  ratio  except  for  the  case  of  AMK 
blended  from  slurry  and  degraded  within  one  hour. 
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3. 


Despite  the  high  filtration  ratio  associated  with  AMR 
blended  from  slurry  and  degraded  within  one  hour,  a 
high  level  of  polymer  degradation  can  be  achieved. 

This  apparent  anomaly  is  probably  due  to  the  presence 
of  relatively  small  quantities  of  poorly  solubilized 
(i.e.,  poorly  swollen")  FM-9  powder  that  have  little  effect 
on  PKV,  viscosity  or  flammability  but  which  can  effectively 
plug  a  small  filter. 

d.  Flammability  comparison  ti:st  apparatus 

1.  Because  of  the  difficulty  of  atomizing  fuel  inside  of  a 
one-inch  pipe,  the  effective  fuel  dump  rate  is  a  func¬ 
tion  of  the  air  velocity  and  the  atomization  resistance 
of  the  fuel. 

2.  This  test  can  distinguish  between  AMR  made  without  the 
amine  component  of  the  carrier  fluid;  however,  in  some 
instances  this  difference  is  very  small. 

3.  Slight  misalignment  of  the  fuel  dump  tube  can  have  a 
significant  effect  on  test  results. 

F.  RHF.OLOi; I CAI,  PR0PF.RT1  F.S  OF  AMR 

1.  The  shear  viscosity  of  AMR  at  high  rates  of  shear 
flO, 000  s'l)  is  not  large  enough  to  explain  the  effec¬ 
tiveness  of  FM-9  as  an  antimisting  agent. 

2.  At  a  critical  shear  rate  of  approximately  2500  s'1, 

AMR  exhibits  large  viscoelastic  effects  that  arc  not 
apparent  at  lower  shear  rates.  this  shear  induced 
viscoelasticity  is  probably  the  primary  mechanism  for 
ant  uni st i ng . 

3.  Phe  orifice  flow  cup  test  is  essentially  a  viscometer 
that  measures  the  shear  viscosity  of  AMR  above  the 
critical  shear  rate. 

4.  The  flow  time  in  the  filtration  ratio  test  is  too  short 
to  detect  filter  plugging  of  highly  degraded  AMR.  This 
problem  can  be  solved  by  reducing  the  exposed  filter 
area  by  a  factor  of  1/10  to  1/20. 

5.  The  Pump  Filtration  Test  is  able  to  measure  a  critical 
filtration  velocity  below  which  intentionally  degraded 
AMR  filters  like  .let  A,  but  above  which  filter  plugging 
occurs.  The  CFV  is  a  better  estimate  of  the  performance 
of  intentionally  degraded  AMR  in  full-scale  filter 
experiments  than  the  filtration  ratio. 
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Because  of  the  difficulty  of  determining  the  average  strain 
rate  in  complex  filter  geometries,  the  critical  filtration 
velocity  is  a  function  of  filter  properties  and  is  generally 
much  lower  in  paper  than  in  metal  filters  of  equivalent  size 
rat ing. 

Increasing  temperature  above  ambient  increases  the  critical 
filtration  velocity  while  decreasing  temperature  below 
ambient  decreases  the  critical  filtration  velocity.  With 
some  AMK  samples,  the  critical  filtration  velocity  decreases 
with  time  after  degradation. 
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TEST  METHOD  FOR  THE  CRITICAL  IGNITION 
VELOCITY  OF  AMK  (SPINNING  DISC) 


1.0  Summary  of  Method: 

A  spinning  disc  atomizer  is  used  to  produce  a  fuel  mist.  Ignition 
and  flame  propagation  are  monitored  as  a  function  of  disc  speed  with 
a  radiometer  and  strip-chart  recorder.  Special  attention  is  given 
to  the  measurement  of  the  lowest  disc  speed  that  will  form  an  ignit- 
able  fuel  mist  in  the  presence  of  an  oxyacetylene  flame. 

2.0  Apparatus: 

2. 1  Disc  atomizer 

2.2  Disc  drive  assembly 

2.3  Powerstat  (110V-20  amp) 

2.4  Fuel  metering  unit 

2.5  Fuel  pump 

2.6  Test  stand 

2.7  Oxyacetylene  torch 

2.8  Radiometer  (silicone  photodiode  integral  amplifier  type) 
with  variable  low-pass  filter) 

2.9  Recorder  (dual  pen) 

2.10  Thermocouple 

2.11  Test  cel  1 

2.12  Exhaust  fan 

3.0  Preparation  of  Apparatus: 

a)  Initial  Installation 

A  permanent  test  facility  is  required  for  the  spinning  disc  experi¬ 
ment,  e.g.,  a  10  x  10  x  10  ft.  test  cell  with  concrete  walls  and 
floor.  Provisions  for  washing  off  and  collecting  the  unburned  fuel 
are  also  desirable.  The  fuel  metering  unit  (Zennith  Model  ZM  No. 
7270);  fuel  pump  (Zenith  No.  45098)  and  fuel  reservoir  (1.0  liter) 
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are  mounted  directly  below  the  disc  and  motor  assembly 
(Fig.  A-l).  Note:  This  fuel  metering  system  and  fuel  pump 
is  recommended  because  of  the  very  low  pump  speed  (0-100  RPM) 
that  should  produce  little  or  no  polymer  degradation  in  a  single 
pass.  Heavily  insulated  1/2-inch  copper  tubing  is  used  to  con¬ 
duct  fuel  to  the  center  of  the  disc  head  (Fig.  A-2).  A  thermo¬ 
couple  (iron-constantine ,  open  junction)  is  located  in  a  tee  at 
the  end  of  the  tubing  which  is  affixed  to  metal  crossmembers  on 
the  test  stand.  The  tip  of  the  oxyacetylene  torch  is  visible  to 
the  left  and  below  the  disc  in  Figure  A-2.  A  piece  of  sheet 
metal  protects  the  oxygen  and  acetylene  hoses  that  lead  to  the 
torch.  The  router  motor  assembly  and  fuel  metering  system  are 
also  protected  by  pieces  of  sheet  metal  (Fig.  A-3).  The  radi¬ 
ometer  (United  Detector  Technology  Inc.  -  Model  No.  IH)T— .*>()()) 
is  located  approximately  137  cm  (horizontal  distance)  and  168  cin 
(vertical  distance)  from  the  top  edge  of  the  disc*  and  on  the 
opposite  side  from  the  ignition  source. 

b)  Disc  Drive  Assembly 

The  disc  atomizer  and  various  components  of  the  drive  assembly 
are  shown  in  Figure  A-5.  These  include: 

1.  1-1/2  HP  router  motor 

2.  Aluminum  mounting  plate  (7  x  20  x  1/4  inch) 

3.  Slinger  (aluminum  disc  -  3-1/2  in.  with  5/8  in.  hole  in  center) 

4.  Steel  extension  sh.it  t  (1/2  x  3  in.  tapered  to  1/4  in.  at  one  end) 

5.  Aluminum  housing  with  needle  bearing  and  g lease  lilting 

6.  Disc  atomizer 

7.  l.ock  nut 

8.  Collet  nut 

Installation  of  a  new  router  motor  proceeds  as  follows:  First, 
several  extraneous  parts  on  the  router  motor  are  removed  such  as 
the  dust  bag,  chip  shields,  sub-base, and  work  light.  Next,  ap¬ 
proximately  1/3  of  the  mounting  base  of  the  router  motor  is  cut 
away  to  make  room  for  the  magnetic  pickup  (Fig.  A-5). 

Caution:  Do  not  cut  the  side  of  the  mounting  base 

where  one  of  the  screw  holes  is  located. 


*  A  cross  section  of  the  disc  is  shown  in  Figure  A-4. 
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Installation  of  the  slinger  (this  keeps  fuel  from  draining  into 
the  lower  motor  housing),  lock  nut,  collet  nut  and  extension 
shaft  is  illustrated  in  Figure  A-6.  The  magnetic  pickup  is 
located  on  the  underneath  side  of  the  axuminum  mounting  plate 
(7  x  20  x  1/4  inch)  as  shown  in  Figure  A-7.  The  plate  is  then 
fixed  to  the  router  motor  (Fig.  A-8).  Positioning  of  the  mag¬ 
netic  pickup  can  be  accomplished  by  first  backing  off  on  the 
knurled  ring  (Fig.  A-7)  until  the  pickup  clears  the  hexagonal 
collet  nuL.  Slowly  rotate  the  steel  extension  shall  and  turn 
the  knurled  ring  in  until  it  touches  one  of  the  lobes  of  the 
collet  nut.  Then, back-off  1/4  to  1/2  turn  on  the  knurled  ring 
and  lock  the  ring  in  this  position. 

Caution:  The  correct  positioning  of  the  magnetic  pickup 

must  be  checked  by  comparing  the  measured  RPM  with  a 
strobe  light. 

Next,  assemble  extension  shaft  housing  to  mounting  plate  as  shown 
in  Figure  A-9.  Finally,  install  the  disc  head  to  the  extension 
shaft  (Fig.  A-10).  The  fully  assembled  component  is  now  ready  to 
be  mounted  to  the  test  stand. 

4.0  Calibration: 

a)  The  magnetic  pickup  should  be  checked  against  a  strobe  light. 

b)  The  metering  unit  and  I  tie  I  pump  should  be  cheeked  at  dillerenl 
settings  by  collecting  a  quantity  ol  I  tie  I  over  a  timed  interval. 

c)  Before  conducting  ignition  tests  with  AMR,  a  baseline  experiment 
should  be  conducted  with  Jet  A  (sec  Section  5.0). 

5.0  Test  Procedure: 

Set  the  fuel  metering  system  to  the  desired  fuel  flow  rate  (thi  can  be 
varied  but  is  generally  held  fixed  at  2.0  i'/m).  With  the  powerstat 
set  to  produce  a  low  disc  speed  (2000  RPM), turn  on  the  pump  and  purge 
the  fuel  lines  (1/4-inch  copper  tubing)  and  disc  head  for  several 
seconds.  Turn  the  fuel  pump  off  and  refill  the  fuel  reservoir.  Light 
the  oxyacetylene  torch  and  check  that  the  tip  of  the  torch  (which  is 
positioned  vertically  upward)  is  10  cm  from  the  edge  of  the  disc. 

Set  the  powerstat  to  produce  a  disc  speed  that  is  below  the  critical 
ignition  velocity  that  is  expected  for  the  fuel  being  tested.  For 
example,  the  critical  ignition  velocity  for  Jet  A  or  highly  degraded 
AMR  is  10-15  m/s.  On  the  other  hand,  the  critical  velocity  for  unde¬ 
graded  AMR  is  60-70  m/s.  For  the  63  mm  diameter  disc,  10,000  RPM  = 

33  m/s.  Therefore,  the  initial  disc  speed  for  Jut  A  or  highly  degraded 
AMR  samples  should  be  near  3000  RPM,  while  experimt  is  with  undegraded 
AMR  should  begin  near  15,000  RPM.  With  partially  degraded  AMR,  the 


critical  velocity  can  he  quickly  bracketed  by  starting  at  some 
intermediate  speed  (10,000  RPM)  and  either  increasing  or  de¬ 
creasing  the  speed  by  5000  RPM,  depending  on  whether  or  not  the 
radiometer  indicates  that  ignition  has  occurred. 

Just  prior  to  the  ignition  test,  turn  on  the  exhaust  fan  and 
recorder.  Finally,  turn  on  fuel  pump  and  allow  it  to  remain  on 
for  3.0  seconds.  Turn  off  the  fuel  pump,  powerstat,  and  chart 
drive.  Record  the  peak  radiometer  output  and  the  disc  speed 
from  the  dual  pen  recorder.  Because  of  the  slight  drop  in  disc 
speed  after  the  fuel  pump  is  started,  an  average  disc  speed  is 
reported.  However,  this  change  is  generally  small.  For  example, 
with  Jet  A  the  speed  typically  drops  from  4100  to  3600  RPM 
(reported  disc  speed  3850  RPM)  and  with  undegraded  AMK  the  speed 
may  drop  from  21,700  to  19,500  RPM  (reported  value  20,600  RPM). 
This  procedure  is  repeated  several  times  (generally  at  least  7 
to  10  data  points  per  test)  with  particular  attention  given  to 
the  onset  of  ignition  and  flame  propagation. 


FIGURE  A- 1 .  LOCATION  OF  FUEL  METERING  UNIT  AND  FUEL  PUMP 
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TEST  METHOD  FOR  THE  FILTRATION  CHARACTERISTICS  OF  INTENTIONALLY 
DEGRADED  AMK  (PUMP  FILTRATION  TEST) 


1.0  Summary  of  Method: 

Degraded  AMK  is  forced  through  a  small  section  of  a  filter  with  a 
variable  speed  (0-100  RPM)  gear  pump.  The  pressure,  associated  witli 
the  flow  resistance,  is  measured  as  a  function  of  flow  time  and 
superficial  velocity  (flow  rate/filter  area).  Below  a  critical 
velocity*  the  pressure  with  AMK  is  only  slightly  greater  than  with 
Jet  A,  and  it  remains  at  this  low  level  for  at  least  2  minutes. 

2.0  Apparatus: 

2.1  Metering  unit,  Zenith,  Type  1ZM-4890 

2.2  Variable  speed  pumps,  Zenith,  0.584  cc/rev,  and  2.92  cc/rev 

2.3  Pressure  transducer,  CEC,  Type  4-31 3 ,  0-10  psid 

2.4  Strip-chart  recorder,  single  pen 

2.5  Amplifier,  Action  Pak,  Model  4051-203 

2.6  1/2- inch  stainless  steel  tubing: 

a)  20  cm  long  with  a  90°  bend 

b)  10  cm  long  with  flat  ends.  Note  the  flat  end  of  this 

piece  of  tubing  must  be  polished  so  as  to  lit  flush 

against  the  back-up  discs. 

c)  5  cm  long  with  flat  ends 

d)  5  cm  long  with  one  flared  and  one  flat  end  (4  each) 

2.7  1 /2-inch  stainless  steel  union  (2  each) 

2.8  Stainless  steel  female  branch  tees  with  1/2-inch  tubing  and 
3 /8-inch  pipe  connections  (2  each) 


*  The  maximum  or  average  deformation  rate  would  be  a  better  parameter; 
however,  this  is  not  easily  determined  for  filters,  consequently  the 
critical  velocity  is  a  function  of  filter  geometry. 
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2.9  Stainless  steel  reducing  unions,  1/2  inch  to  1/4  inch 
(2  each) 

2.10  Stainless  steel  tubing  1/4  inch,  3  cm  long  with  flat  ends 

2.11  Hose  clamps  1/2  inch  (3  each) 

2.12  Tygon  tubing  1/4  inch,  30  cm  long 

2.14  Back-up  discs  (D  =  1.27  cm  L  =  0.18  m) : 

ID  =  0.356  cm  (2  each) 

ID  =  0.504  cm  (2  each) 

ID  =  0.714  cm  (2  each) 

2.15  Iron-constantine  type  thermocouple  shrouded  with  1/8-inch 
tubing 

2.16  Digital  readout,  Omega,  Model  199 

3.0  Filtering  Procedure: 

Pour  two  liters  of  fuel  into  a  large  separatory  flask.  Place  a  No.  41 
Whatman  filter  paper  in  a  regular  funnel  and  collect  the  filtered  fuel 
in  a  clean  container. 

4.0  Cleaning  Procedure: 

After  the  apparatus  has  been  used  with  intentionally  degraded  AMR, 
flush  the  pump  thoroughly  with  Jet  A.  The  removable  components  such 
as:  unions,  sections  of  stainless  steel  tubing,  back-up  discs,  and 
transducer  adapter  are  cleaned  with  trichloroethylene  and  acetone  and 
then  are  air  dried.  The  pump  should  be  taken  apart  after  every  5-7 
experiments  and  cleaned  with  trichloroethylene  and  acetone. 

5.0  Preparation  of  Apparatus: 

The  fully  assembled  apparatus  is  shown  in  Figure  B-l.  While  satis¬ 
factory  assembly  of  the  various  components  might  be  achieved  by  dif¬ 
ferent  methods,  the  following  method  has  been  found  to  minimize  the 
entrapment  of  the  air  in  the  system.  Connect  one  end  of  the  1 /2-inch 
tygon  tubing  to  the  suction  side  of  the  pump  and  place  the  other  end  of 
the  tube  in  a  clean  container  that  holds  approximately  2  liters  of  fuel. 
Fill  this  container  with  filtered  fuel  (see  Section  3  for  filtering 
procedure).  Raise  the  baseplate  of  the  pump  slightly  to  help  displace 
air  from  the  lines  as  they  are  filled.  Connect  the  1/2-inch  stainless 
steel  tube  with  the  90°  bend  to  the  discharge  end  of  the  pump  so  that 
the  downstream  end  of  the  tube  is  vertical.  Fill  the  lines  at  a 
relatively  high  flow  rate  (30  m£/min).  Return  the  baseplate  to  its 
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original  position,  and  then  connect  the  thermocouple,  pressure  trans¬ 
ducer  and  the  piece  of  1/2-inch  stainless  steel  tubing  with  polished 
end  as  shown  in  Figure  B-2.  Note:  The  pol Lshed  end  of  the  tube  should 
be  positioned  downstream  so  as  to  fit  against  the  filter  back-up  disc. 
Restart  the  pump  and  fill  the  remainder  of  the  line  with  fuel. 

Place  the  filter  element*  between  the  two  back-up  discs  and  insert  all 
three  components  into  a  1 /2-inch  union.  Set  the  pump  at  iLs  lowest 
output  (almost  zero  flow)  and  continue  to  fill  the  system  until  a  con¬ 
vex  meniscus  is  formed  at  the  top  of  the  tube.  This  procedure  helps 
to  prevent  air  entrapment  below  the  filter. 

Caution:  Because  of  the  vertical  positioning  of  the 

tubing,  there  is  a  tendency  for  fuel  to  flow  back 
through  the  pump  when  it  is  shut  off.  Since  this  may 
draw  air  into  the  system,  it  is  advisable  to  leave 
the  pump  barely  running  (except  for  very  brief  periods) 
for  the  remainder  of  the  test. 

Next,  attach  the  union  that  contains  the  filter  and  the  filter  back-up 
discs  to  the  fuel  line  and  tighten  the  entire  assembly.  Also  connect 
the  pressure  transducer  lead  to  the  amplifier  and  recorder**.  To 
further  insure  that  all  the  air  has  been  removed ,  place  a  rubber  stopper 
in  the  end  of  the  union  and  allow  the  pressure  to  build  up  for  a  few 
seconds.  Quickly  release  the  pressure  by  removing,  the  stopper  and  cheek 
for  the  evolution  ol  bubbles. 

Caution:  Do  not  exceed  the  pressure  limit  ol  the  trans¬ 

ducer  (10  psi). 

Repeat  this  procedure  two  or  three  times  or  until  no  bubbles  are 
observed.  Finally,  connect  the  remaining  pieces  of  tubing  as  shown 
in  Figure  B-l. 

6.0  Experimental  Procedure: 

Before  conducting  experiments  with  degraded  AMK,  the  system  should  be 
checked  with  Jet  A.  This  will  insure  that  the  apparatus  has  been 
adequately  cleaned  (Section  4)  anil  that  the  filter  has  been  properly 
installed  (Section  5).  For  example,  the  pressure  with  Jet  A  should 
not  increase  over  the  two  minute  flow  time  that  is  used  in  this  test. 

If  the  pressure  increases  with  time,  either  the  fuel  is  contaminated 
or  the  apparatus  has  not  been  cleaned  adequately.  In  any  event  the 
apparatus  should  be  recleaned,  a  new  filter  installed  and  the  system 
retested  with  a  fresh  sample  of  filtered  Jet  A.  If  the  pressure 
remains  constant  but  appears  to  be  higher  or  lower  than  normal  (this 


*  Almost  any  type  of  filter  material  can  be  used  that  has  sufficient 
structural  integrity  and  that  can  be  cut  into  a  disc-shaped  element. 

**The  pressure  is  measured  immediately  upstream  of  the  filter.  Use  of  the 
transducer  in  the  differential  mode  was  found  to  make  it  difficult  to 
remove  air  from  the  system. 
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can  only  be  determined  by  experience),  the  filter  should  be  changed 
and  the  system  again  checked  with  Jet  A.  If  the  results  with  Jet  A 
prove  to  be  satisfactory,  experiments  can  then  be  conducted  with 
degraded  AMK.  It  is  unneccessary  to  reclean  the  apparatus  after  the 
experiments  with  Jet  A.  The  lines  are  merely  drained  and  then  flushed 
with  degraded  AMK.  Furthermore,  the  same  filter  should  be  used, 
however,  the  1/2 -inch  union  that  holds  the  filter  should  be  removed 
and  the  system  refilled  with  degraded  AMK  according  to  Section  5  to 
insure  complete  removal  of  the  air  from  the  system. 

At  least  duplicate  experiments  should  be  performed  with  each  sample 
of  degraded  AMK.  Without  any  prior  knowledge  of  the  critical  lilt! a 
tion  velocity  (CFV),  it  is  advisable  to  start  at  a  low  velocity,  such 
as  0.25  cm/s  and  increase  the  velocity  by  0.25  cm/s  until  the  pressure 
starts  to  increase  with  time.  This  procedure  works  well  for  paper 
filters  and  relatively  fine  metal  screens  (i.e.,  16-18  pm  or  less); 
however,  for  larger  metal  screen  (AO  pm  or  greater)  it  is  suggested 
that  one  start  at  a  velocity  of  1  to  2  cm/s  and  increase  the  velocity 
by  proportionately  higher  increments. 

Generally,  the  experiment  is  not  terminated  after  the  first  point  at 
which  the  pressure  increases  with  time.  Rather,  the  rate  of  pressure- 
rise  is  measured  at  increas ingly  higher  flow  rates  until  either  ihe 
maximum  pressure  of  the  transducer  or  the  maximum  flow  rate  of  the 
pump  is  exceeded.  These  data  are  then  plotted  to  make  a  better  esti¬ 
mate  of  the  CFV.  A  second  experiment  should  be  conducted  to  more 
accurately  estimate  the  CFV.  In  this  second  experiment,  a  new  filter 
must  be  installed  and  the  lines  purged  of  air  as  described  in  Section 
5.  Measurements  are  then  made  near  the  estimated  CFV  using  smaller 
increments  than  were  used  in  the  first  test. 
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FIGURE  B-l.  FULLY  ASSEMBLED  FILTRATION  APPARATUS 


FIGURE  B-2.  ASSEMBLY  OF  PRESSURE  TRANSDUCER 
AND  FILTER  AND  FILTER  BACKUP  DISCS 


APPENDIX  C 


TEST  METHOD  KOK  THE  OI.YCOI.  CONTENT  OE  AMK 


1.0  Summary  of  Method: 

An  infrared  (IR)  method  has  been  developed  to  determine  the  amount 
of  glycol  present  in  AMK.  Infrared  absorbance  at  3542  cnf^  is 
correlated  to  weight  percent  glycol  in  a  sample.  Concentrations 
from  0.35  to  0.70  weight  percent  glycol  show  a  linear  correlation  to 
absorbance.  The  addition  of  FM-9  and  amine  in  appropriate  concen¬ 
trations  (FM-9  ^0.3  wt%  and  amine  M50  RPM)  does  not  affect  the 
absorbance  factor. 

2.0  Apparatus: 

2.1  Beckman  Microlab  620  XM  computing  spectrophotometer 

2.2  0.7  to  1.0  mm  CaE->  liquid  sample  cell 

2.3  1  ce  turherculin  syringe 
3.0  Reagents: 

3.1  Xylene,  reagent  grade 

3.2  Hexadecane,  reagent  grade 

3.3  Hexylene  glycol 
4.0  Preparation  of  Apparatus: 

For  operating  instructions  of  spectrophotometer,  refer  to  the  Beckman 
Microlab  620  MX  Operation  Manual.  The  Microlab  620  MX  Computing 
Infrared  Spectrophotometer  combines  double-beam  infrared  spectro¬ 
photometry  with  microprocessor  hardware  and  associated  software  to 
control  operations  and  data  processing.  Several  routines  are  availabl 
in  two  modes.  Scan  and  Quantitative.  Spectra  may  be  scanned  and  peaks 
pinpointed  using  single-step  and  peak-pick  routines.  Quantitative 
measurements  may  be  made  at  selected  wavelengths  using  a  point  program 
rout ine . 

5 . 0  C'.a  1  i  brat  ion  : 

Standards,  prepared  in  a  25  vol.  xvlene,  73  vol .  7  hexadecane  mixtur 
ranged  from  0.  13  to  0.70  wt  glvcol.  Standards  were  examined  in  a 
peak-pick  routine  to  determine  the  optimum  wavelength  for  measuring 
absorbance  of  the  glvcol.  I'sing  a  single-step  routine,  3542  cm-'  was 


selected  and  entered  in  a  point  program  routine.  This  routine 
measures  absorbance  at  the  chosen  wavelength  for  a  specified  number 
of  times,  then  it  averages  the  readings  and  gives  a  percent  trans¬ 
mittance  (%T)  value.  Ten  readings  was  the  number  specified  in  this 
routine.  The  cell  was  left  completely  assembled  to  avoid  variation 
in  the  pathlength,  and  was  washed  with  filtered  heptane  and  dried 
between  runs. 

Note  1:  Values  of  Z.T  dropped  '-2'Z  over  10  minutes 
in  the  sample  cell,  so  immediate  measurement  is 
necessary . 

Note  2:  Ten  runs  of  a  single  sample  to  test  for  re¬ 
peatability  gave  a  standard  deviation  relative  to  the 
mean  glycol  content  of  2%. 

6.0  Procedure: 

Using  a  1  cc  tuberculin  syringe,  fill  an  0 . 7  to  1.0  mm  Cal'2  liquid  sample 
cell  with  AMK .  Put  the  cell  into  the  sample  chamber  of  the  spectro¬ 
photometer  and  record  %T  at  3542  cm~l(see  Note  1  under  calibration). 

7.0  Calculations: 

The  %T  values  at  3542cm- 1  are  used  to  ca 1 cul ate  absorbance  using  the 
Beer's  law  equation  A  =  log  1/T.  A  Z.T  value  of  42.387.  would  be 
calculated  as  follows:  A  =  log  I/. 4238  =  .3728.  Absorbance  values 
may  be  plotted  versus  wtZ  glvcoi  to  give  a  standard  curve  and  sample 
wtZ  glycol  read  directly  from  the  curve  (Pig,.  C- 1  ) .  Absorbance 
versus  concent i  <■'  ion  data  from  the  standards  was  entered  in  an  Apple 
II  computer  least  squares  program.  A  fit  with  relative  standard 
deviation  of  4.77Z  and  average  deviation  of  0.0162  absorbance  was 
obtained . 


WEIGHT  %  GLYCOL=  A  (3.882)- 1.0043 


o 
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FIGURE  C-l .  CALIBRATION  CURVE  FOR  WEIGHT  %  GLYCOL  IN  AMk 


APPENDIX  I) 


TEST  METHOD  FOR  AMINE  (PPM)  CONTENT  OF  AMK 


1.0  Summary  of  Method: 

AMK  samples  are  prepared  by  diluting  with  tetrahydrofuran  (THF).  The 
diluted  AMK  samples  are  injected  into  the  pyrolysis  furnance  where  the 
nitrogen  compounds  are  oxidized  and  then  measured  as  NO2  by  the  chemi¬ 
luminescence  detector.  The  digitally  displayed  counts  for  AMK  are 
compared  to  a  standard  nitrogen  calibration  curve. 

2.0  Apparatus: 

2.1  Antek  Model  771  Pyro-reactor 

2.2  Antek  Model  720  Nitrogen  detector 

2.3  Microsyringe,  5.0  pS,  with  2"  x  26  ga.  needle 

2.4  Silicone  Septa 

2.5  Pipettes,  Class  A,  1  mt! ,  4  m? 

2.6  Quartz  combustion  tube,  as  per  instrument  manufacturer’s  design 
3.0  Reagents: 

3.1  Magnesium  perchlorate,  8-20  mesh 

3.2  Argon,  99.9%  purity 

3.3  Oxygen,  99.9%  purity 

3.4  Tetrahydrofuran,  99%  Nitrogen  free 

3.5  Charcoal,  activated  8-20  mesh 
4.0  Preparation  of  Apparatus: 

Assemble  and  adjust  the  instrument  as  per  the  manufacturer's 
instructions.  Set  the  operating  parameters  according  to  Table  I<-1. 

5.0  Cal ibrat ion: 

Nitrogen  standards  were  made  by  diluting  a  stock  solution  of  dimethyl- 
formamide  (DMF)  in  toluene.  An  example  of  the  calculation  that  was 
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used  in  establishing  the  nitrogen  content  of  these  samples  is  as 
follows : 

1.  Molecular  Weight  DMF  (C3H7NO)  =  73.11  g 

2.  Wt%  nitrogen  in  pure  DMF  =  (14.0/73.11)  x  100  =  19.16 

3.  Wt%  nitrogen  in  0.1017  wt%/stock 

solution  =  0.001017  x  19.16  =  0.01949  (194.9  ppm) 

4.  PPK  (Nitrogen)  in  diluted  standards: 

2  mf  of  stock  solution  diluted  to  100  m¥.  =  3.9  ppm 

4  nd'  of  stock  solution  diluted  to  100  ml1  =  7.8  ppm 

6  mu  of  stock  solution  diluted  to  100  mi1  =  11.7  ppm 

The  counts  for  nine  consecutive  (3.0  j.i v )  injections  of  these  three 
standards  (utilizing  a  constant  rate  syringe  drive),  are  presented  in 
Table  D-2.  The  average  counts  were  used  to  establish  a  calibration 
curve  (Fig.  D-l)  in  which  the  error  bars  represent  two  standard  devia¬ 
tions.  In  order  to  establish  a  similar  calibration  curve,  it  is 
recommended  that  at  least  three  consecutive  (3.0  pi.)  injections  should 
be  made  for  each  standard.  Furthermore,  at  least  three  dilutions 
should  be  used  to  produce  counts  in  the  same  range  as  AMK.  For  the 
highest  precision,  the  calibration  curve  should  be  checked  before 
and  after  analysis  of  AMK  samples.  However,  recalibration  should  be 
done  at  least  daily  or  any  time  the  apparatus  has  been  turned-off. 

6.0  Procedure: 

Into  a  tared  10  ml’  vial,  dispense  0.8  mi’  of  AMK  and  3.2  mtf  of  tetra- 
hydrofuran  (THF) .  Weigh  each  component  to  the  nearest  0.1  mg.  Seal 
the  vial  tightly  with  a  solvent  resistant  cap  and  mix  thoroughly  by 
shaking.  Let  the  sample  stand  long  enough  to  dissipate  the  bubbles. 
Then  inject  three  consecutive  (3.0  p?)  samples  of  AMK  into  the  nitrogen 
analyzer  using  the  same  technique  as  described  in  Section  5.  The 
average  counts  from  these  three  injections  can  be  used  to  calculate 
the  nitrogen  content  of  the  AMK  sample  from  a  calibration  curve  such 
as  Figure  D-l.  Since  the  density  of  the  diluted  AMK  samples  may  be 
different  than  the  standards,  a  density  correction  factor  (density 
of  standards/density  of  diluted  AMK  solutions)  should  be  applied  to 
average  AMK  counts.  For  all  practical  purposes,  the  density  of  the 
standards  is  the  same  as  toluene  (0.867  g/mi’)  and  the  density  of  the 
AMK  samples  is  essentially  that  of  THF  (0.889  g/mi).  Consequently,  a 
correction  factor  of  0.975  would  account  for  the  slightly  larger  mass 
of  AMK  injected.  Finally,  in  order  to  convert  the  nitrogen  content 
of  the  AMK  sample  to  PPM  (n-buty famine)  one  must  account  for  the 
dilution  of  the  sample  and  the  weight  fraction  nitrogen  in  the  amine. 
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These  factors  are  illustrated  in  the  following  calculation: 

1.  Average  counts  for  diluted  AMK  (uncorrected  for  density) 

2.  Average  counts  for  diluted  AMK  (corrected  for  density)  = 
0.975  =975 

3.  PPM  nitrogen  in  diluted  AMK  (from  Fig.  D-l)  =  5.8 

4.  PPM  nitrogen  in  undiluted  AMK  (from  dilution  factor)  = 

5.8  (wt  fraction  AMK  in  THF)  =  =  27.6 

5.  Molecular  weight  of  amine  (C4H11N)  =  73.13  g 

,  .  _  14 .0  x  100  .  _  ,  . 

6.  Wt  6  nitrogen  in  amine  =  - ^ —  =  19.14 


TABLE  D-l .  INSTRUMENT  OPERATING  PARAMETERS 


Instrument:  Antek  Model  771  Pyro-Reactor/Model  720 

Digital  Nitrogen  Detector 


Oxygen  Flow: 


120  md/min. 
410  md/min. 


to  Ozone  Generator 
to  Pyrolysis  Tube 


Argon  Flow:  30  md/min. 


Pyro-Reactor  Temperature: 

Inlet  -  850°C 
Center  -  950°C 
Outlet  -  950°C 

Instrument 

Sensitivity:  I-Low  (counts  between  300  and  60,000)* 


Injection 

Rate:  1.0  pd/second 


TABLE  D-2 .  CALIBRATION  DATA  FOR  DMF/TOLUNE  STANDARDS 


PPM  Nitrogen: 


X: 


a : 


Nitrogen  Counts 

3.9 

7.8 

1.7 

642 

1  375 

2395 

642 

1  34  / 

2365 

631 

1  358 

2287 

540 

1413 

2215 

576 

1  347 

2267 

698 

1402 

2365 

667 

1  363 

2285 

608 

1406 

2266 

579 

1383 

2260 

616 

1377 

2300 

49 

25 

60 

*  It  is  unadvisable  to  change  sensitivity  setting  during  analysis. 
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